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| ™
| FOREWORD ":‘,:
[ -
r This report presents the User's Manual for Crack Growth and Crack Initiation .a;
! Computer Program "DAMGRO™ developed as part of the "Assessment of Damage :‘:
Tolerance Requirements and Analyses™, contract No. F33615-82-C-3215. This g
M program has been administrated by the Flight Dynamics Laboratory, Air Force '-.:i
Wright Aeronautical Laboratories, Alr Force Systems Command, Wright X
* Patterson Alr Force Base, Ohio. James L. Rudd (AFWAL/FIBEC) was the Ailr .:
Force Project Engineer through December 1985, Subsequently, Mr Rudd was A
replaced by Lt Christopher Mazur. A. Kuo was the Program Manager and N
Principal Investigator through March 1985, Subsequently, Mr Kuo was g
replaced by Meir Levy for the completion of the program. The structural :
test program has been performed at the University of Dayton Research Lab 4
under the supervision of George Roth.
The eight major tasks listed below have been planned to achieve the program y
objectives. Namely, (a) assessing the validity of, and recommending
improvements to the current MIL-A-83444, (b) developing guidelines for v
identifying the most critical initial primary damage locations for typical ﬁ
alrcraft structures, and (c) assessing and improving the state-of-the—art
analytical methods to satisfy the requirements of MIL-A-83444, e
4
Task I: Analytical Methods .
Task IT: Basic Tests at
Task TII: Analytical Predictions v
Task IV: Structural Tests v
Task V: Analytical/Experimental Correlations ;
' Task VI: Asgessment of and Recommended Improvements to MIL-A-83444 .———"Z‘
Task VII: Guidelines for Selecting Most Critical Inital Primary Damage #—t
‘ Location 8 N
Task VIII: Assessment of and Improvements to Damage Tolerance Analyses ‘_r___;\'
W
The material presented Iin this repbrt was developed during Phase 1 of the ™
contract. Additional €ive reports were issued including: / Codes "
A adle
Di.t :  Special "
,‘

H -/ {27 L; r
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Volume I: Executive Summary

Volume II: Analytical Methods

Volume IIT: Analytical Predictions and Correlations
Volume 1IV: Raw Test Data

Volume V: Assesgaent and Recommendations

Volume I report contains an Executive Summary of the entire program
including the Basic Test Program for material allowables, test vesults of
the Structural Test Program and Analytical Predictions. It also contains a
summary of the Analytical Formulation derived during Task I.

Volume II report contains the Analytical Methodology derived during Task I
of the Prograam, includlag crack growth and crack lnitiation techniques, and

results of Finite Element Modeling of stress intensity factors.

Volume TIIT rceport contains Analytical to Experimental Correlation of
seventy-two (72) Structural Test Specimens performed during Task IV of the

Program.

Volume IV report contains the Raw Test Data obtained during the Basic Test,
and the Structural Test Programs.

Volume V report contains an assessment of the NDamage Tolerance Design
Requirements defined in MIL-A-83444, Analytical methods evaluation and a
Guideline for Identifying Critical Locations for Damage Tolerance Analysis.

It also contains recommendations and follow—-on work.

This program began in September 1982 and was completed in May 1986,
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1.0 INTRODUCTION

This report presents a description of the crack growth and crack initiation
computer program “DAMGRO". The computer program has the capabilities of
simultaneously analyzing crack growth and crack initiation. The three options

available are:

(1) Crack Growth Only "Method 1"
(ii) Crack Growth and Crack Initiation "Method 2*
(1) Crack Initiation Only.

The program is coded in Fortran Computer Language and consists of a total of
22 routines. Various geometrical configurations can be analyzed including
plate or stringer sections, subjected to a constant amplitude loading or a
randomized spectrum loading. The generalized Willenborg Retardation Model was
adopted to be used when a variable amplitude loading spectrum was applied.

The crack growth rates ‘'da/dN' are presented in terms of the modified Walker's

equation.

A majority of typical aircraft structural configurations may be accurately
modeled using one or more of the available routines. However, some important
configurations are not presently available with a prediction accuracy deemed
necessary. In particular, growth of two cracks at adjacent holes consistent ¢
with the MIL-A-83444 specification. In this case the growth of the primary %
crack may influence the growth of the secondary one. In performing the pre- ;3
diction, such a configuration was treated independently which may have

resulted in unconservative predictions.
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In performing crack growth or crack initiation predictions, some structural
geometrics are not, explicitly, included in the program. However, modeling
techniques may be applied to use available routines to obtain reasonable rep-
resentations. For example for subroutine K1020, if the two adjacent holes
were eliminated, the result will be a crack at the edge of a hole approaching
a free edge. Similarly, initiation may be applied to one location when only

3 one hole is present.

The program is constructed in such a way, that additional stress intensity

routines may be added. A flow chart of the program is presented in Appendix

A. Three examples are presented in Section 3.0.

ba =0 e e 8 T




2.0 DAMGRO COMPUTER PROGRAM

“"DAMGRO“ Computer Program was developed to have the capability of simultane-
ously analyzing crack growth and crack initiation at the edge of a hole. Vari-
ous geometrical configurations may be analyzed using one or more of the rou-
tines shown in Figures 2.1-1 through 2.1-10. The program contains ten crack
growth and six crack initiation routines. The crack growth is governed by the
stress intensity factor at the edge of the crack. The crack initiation is
governed by the stress severity factor, which itself is a function of strain
energy density at the edge of a hole. The analytical formulation for both

crack growth and crack initiation are presented in volume Il of the report.

2.1 CRACK GROWTH “METHOD 1"
Various geometrical configurations may be analyzed using the 'ODAMGRO' computer

program “Method 1" of the program includes the following configurations:

1. Corner crack emanating from a circular hole, and approaching an adjacent
hole (subroutine K1010 Ref. Figure 2.1-1).

2. Corner crack emanating from a circular hole with an additional crack
through the thickness extending from the hole to the edge of the part
(subroutine K1020 Ref. Figure 2.1-2).

3. Corner crack emanating from a circular hole with an additional crack,
through the thickness extending from the hole to the edge of an adjacent
hole (subroutine K1030 Ref. Figure 2.1-3).

4. Two equal or unequal size corner cracks at the edge of a circular hole

and approaching adjacent holes (subroutine K1040 Ref. Figure 2.1-4).
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Two equal or unequal size corner cracks at the opposite edges of two
adjacent holes, with an additional crack through the thickness extended
between the two holes (subroutine K1050 Ref. Figure 2.1-5).

Corner crack emanating from a circular hole of a stringer section hori-
zontal leg. The. crack may approach the free edge or the stringer up-
standing leg, (subroutine K2010 Ref. Figure 2.1-6).

Corner crack emanating from a circular hole of a stringer section. An
additional crack extending from the hole to the free edge, (subroutine
K2020 Ref. Figure 2.1-7).

Two corner cracks emanating from a circular hole of a stringer horizon-
tal leg. One crack approaches the stringer upstanding leg, and the
second one approaching the free edge of the horizontal leg, (subroutine
K2040 Ref. Figure 2.1-8).

A crack emanating from a circular hole of a stringer tee section, and
propagating into the upstanding leg, (subroutine K2050 Ref. Figure
2.1-9).

A crack emanating from a circular hole of ‘a stringer ‘L' section, and
propagating into the upstanding leg, (subroutine K2060 Ref. Figure
2.1-10).

2.2 COMBINED CRACK GROWTH AND CRACK INITIATION “METHOD 2"

The combined method routines (Method 2) are capable of predicting crack initia-

tion for the following geometrical configurations:

1.

Crack initiation at the edge of two adjacent holes with one crack pres-
ent at one of the holes, (subroutines S1010 and S1020 Ref. Figures 2.2-1
and 2.2-2).



2. Crack initiation at the edge of two holes in an array of three holes
with two cracks present at the mid hole, (subroutine S1030 Ref. Figure
2.2-3).

Crack initiation at the edge of two adjacent holes with a through the

- o A
w
.

thickness crack between them, (subroutine S1040 Ref. Figure 2.2-4).
r 4. Crack initiation at the edge of two holes in an array of three holes

. with the presence of one crack at the edge of one hole and a second

3.7 Ve h i e

through the thickness crack between two holes, (subroutine S1050 Ref.
Figure 2.2-5).

]

5. Crack initiation at the edge of two adjacent holes with a crack extend-

ing from one hole to the edge of the part, (subroutine S1060 Ref. Figure
2.2-6).

2.2.1 1Input Data Description of "Method 2"

The input parameters needed to perform the crack initiation (0.050 inch corner

crack) are defined in Volume II1 of the report and summarized below:

p e st s a o

(i) Damage index 'di' for the initiation of a 0.050 inch quarter-circular
corner crack was derived during Phase I of the program. The index for
) 2024-T3 and 7075-T651 is given by the following equation:
(1) For Group A (no interference, clamp-up or sealant)
‘- di = 1.0-06295 _ for 2024-T3

X
di = 0.873 - 0.795 S max for 7075-T651

. (1) For Group B, C and D (with interference, clamp-up or sealant)

A di = 1.0 - 0.580 S for 2024-T3
max

) di = 0.958 - 0.619 S max for 7075-T651

= ™
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where S . = 0.5 (OK)2/E, K =1+ (K, - 1)/(1 + [P/R'). The equa-
tions above represent the damage index for crack initiation of specimens sub-
Jected to a constant amplitude loading spectrum. For specimens subjected to a

randomized loading spectrum, the damage index 'D_' to initiate a 0.05 inch

f
quarter-circular corner crack, was determined using weighted average.

(i1) Crack Initiation Constants

1. Strain energy density S = SF(N)m
S = 10.4261 N 0-366 for 2024-T3
s = 20.4257 N°0-9515 for 7075-T651

where N is the number of cycles to failure.

(i111) Geometry parameters a, B ,”

(1)  Group A
aBr= 1.0
(i1) Gruup B
aBy= 0.8503 for 2024-T3
= 0.8126 for 7075-T651

(iv) Other parameters which were found to improve fatigue initiation life
are:
(1) Stress due to faying surface, FAYSUR.
(11) Stress level due to Hi-Lok clamp-up, FRICT.

As a conservative assumption, the faying surface stress and the Hi-Lok clamp-up

stress may be set to zero.




Figure 2.1-1. Geometrical Configuration of Crack Growth Routine K1010
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Figure 2.1-6. Geometrical Configuration of Crack Growth Routine X2010




Figure 2.1-7.
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Geometrical Configuration of Crack Growth Routine K2020
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Geometrical Configuration of Crack Growth Routine K2060
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2.3 DAMGRO INPUT FORMAT

The following pages describe the input format for the DAMGRO Computer Pro-
gram. Two files are needed to run the program. “File 1" contains geometrical
confiqgurations and material allowables (Ref. Table 2.3-1 and pages 25 through

39) and "File 2" contains the spectrum loading considered (Ref. page 40)

23

.......
.....

SO M EC PG 00 T L0 08 01, DG R CR 57,51, R R G GURL UR DAL S UL L O, 55 TR0 G R S KA AR R HASLS LGN



THITE YL

Lt

b O S ———
(oLl ‘v-oL4e) SSIYISI ¥HLI4 4118 8L
(v:0148) 8YVA LYVA 9YVA GYVA PYVA %17 2YVA LYVA
(s18) an QI  SYIEN  QVIIYI  SLININ  SHYIN  QTI0SN VISl
(v 0L142) ¥NSAVY  1I1¥d
(v-0148) 271708 111708 2¥1108 131108 2SIGOH  LSIQOMW 20vy Lovy
(2°63 ‘L°S4 ‘p-0L4L)  J30NId %S 003 ZWL108  LWL108 29 18 snievy WML
(v 0139) 290730  2709K0 2940 1907130  L109KG L9Wa P d
(¢-0138) 2102 20V 21043 210N 270JA¥  2I0VAY  2102dV  210VdV m
(v 0138) L7102 LoV LI0%) LI0¥V  L70JA¥  LTOVAY  L102dV  LI0VdY m
(s-0Ld48) 24v 21V 24) 21 L3V L1V 142 L1 um
(v-0148) VWWY9 V138 VHdWV N0Z  GOWVI3 9Wa WY 4S e
(v-ol1dL) NLNDY 124  JOLAHS  HIXWN)  AVWOIS NNV M) "
(€°0139) NWXTVM  WWXTVM  JWTVM NDOIVM WIVM OXTVM mm
(+v02) O1LVHY =
(¥02) NN 2
LVWYO04 LNdNI ”

A

L]

ey

e

1VWY03 3714 LNdNI ,049WVA, ~"i-€°C 378V1

e
B o

s ¥ PO 2B P A SR il




FILE 1: INPUT DATA CARD NO. 1

DESCRIPTION: TITLE
* FORMAT: 20A4

FIELD 1 - 80

VARIABLE | TITLE (I)

EXAMPLE | SPECIMEN NO. ABC-1 SUBJECTED TO A-10A LOADING SPECTRUM

VARIABLE DESCRIPTION

TITLE (I) Any alphanumeric data for problem information, fields 1
I=1, 20 through 80.

REMARKS (1) One title card printed on the first page of the output file.
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FILE 1: INPUT DATA CARD NO. 2

DESCRIPTION: MATERIAL OR ID INFORMATION
FORMAT: 20A4

FIELD 1 -80

VARIABLE | RMATID (I)

EXAMPLE | 2024-T351 EXT. (REF. DAMAGE TOLERANCE HANDBOOK)

VARIABLE DESCRIPTION

RMATID (I) Any alphanumeric data for material information, fields 1
I1=1, 20 through 80.

REMARKS One title card printed on the first page of the output file.
Non executable data.




FILE 1: INPUT DATA CARD NO. 3
DESCRIPTION: CRACK GROWTH RATE CONSTANTS
N FORMAT: 6£10.3
FIELD 1 -10 11 - 20121 - 3031 - 40 41 - 50 51 - 60
VARIABLE | WALKC WALKM WALKN WALKMC WALKMM | WALKMN
EXAMPLE | 0.160E-09 ] 0.650 4,554 0.230E-08] 1.00 3.115
VARIABLE DESCRIPTION
WALKC ‘'C' coefficient in Walker's equation for R 20
WALK:. 'm' coefficient in Walker's equation for R > 0
WALKMC 'n' coefficient in Walker's equation for R > 0
- WALKMC 'C' coefficient in Walker's equation for R <0
WALKMM '‘m' coefficient in Walker's equation for R € 0
WALKMN '‘n' coefficient in Walker's equation for R < 0
REMARKS (1) To represent the modified Walker's equation:
da -c(O-RMK )N
dN max
"
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FILE 1:

INPUT DATA CARD NO. 4

DESCRIPTION: MATERIAL PROPERTIES FOR CRACK GROWTH

FORMAT: 1F10.4

FIELD 1-10{1 -20]21 -30]31-40]41 -50}51 -60}61 -70
VARIABLE] CKC Kic SIGMAY | CKMXTH | SHUTOF | RCUT RCUTN
EXAMPLE | 58.0 36.0 53.30 2.0 2.3 0.99 -0.99
VARIABLE DESCRIPTION

CKC Plane stress fracture toughness, K¢

KIC Plane strain fracture toughness, Ky

SIGMAY Tensile yield stress, Fty

CKMXTH Kmax for threshold da/dn

SHUTOF Retardation shut-off ratio

RCUT Postive stress ratio ‘R' cut-off

RCUTN Negative stress ratio 'R‘' cut-off

REMARKS (1) Executable data when Method 1 is used.

AR RS CRINER I T
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FILE V:

INPUT DATA CARD NO. §

e R

,,,,,

DESCRIPTION: MATERIAL PROPERTIES FOR CRACK INITIATION

FORMAT: 8F10.4

FIELD 1T-10111 -20]21 -30}31 -40)41 -50){51 -60|61 -170] 71 - 80
VARIABLE | SF RM DMG ELAMOD | Zou ALPHA BETA GAMMA
EXAMPLE | 10.426 | -0.366 [ 0.872 0.107e5( 0.022 0.875 1.0 1.0
YARIABLE DESCRIPTION

SF Crack initiation eqn. constant, SF

RM Crack initiation eqn. constant, m

DMG Damage index for crack initiation, dj

ELAMOD Elastic modulus, E

Z0U Nueber material constant, 2

ALPHA Stress severity factor parameter, o

BETA Stress severity factor parameter, B

GAMMA Stress severity factor parameter, y

REMARKS (1) Executable when Method 2 is used.

29




FILE 1:

INPUT DATA CARD NO. 6

DESCRIPTION: CRACK SIZE DATA
FORMAT: 8F10.5
FIELD 1-10/|11-20] 21 -30]31 -40}41 -50|5 -60[61 -70| 71 - 80
VARIABLE | CTI CFI Al AF1 CI2 CF2 CI2 CF2
EXAMPLE | 0.050 | 0.75 0.050 0.188 0.0 0.0 0.0 0.0
VARIABLE DESCRIPTION
cn Initial crack length of crack No. 1
CA Final crack length of crack No. 1
Al Initial crack depth of crack No. 1
_ AF1 Final crack depth of crack No. 1
Ci2 Initial crack length of crack No. 2
CF2 Final crack length of crack No. 2
c12 Initial crack depth of crack No. 2
CF2 Final crack depth of crack No. 2
REMARKS (1) Initial flaw configuration consistent with the subroutines for

growth and initiation.
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FILE 1:

INPUT DATA CARD NO. 7

a1 ety gl A

DESCRIPTION: RETARDATION PARAMETERS AT THE EDGE OF CRACK NO. 1
FORMAT: 8£10.4

!

!

! FIELD 1 -10 |11 -20121 -30{31 -40{41 - 50|51 -60|61 -70] 71 - 80

:]

F VARIABLE | APAOLT | APCOL] RYAOL1 RYCOL1 | AKOLY cKoLl AOLY coul

G EXAMPLE | 0.192E0 | .889E0 | .386E-2 | .241E-1 | .144E2 | .208E2 | .188E0 | .865E0
VARIABLE DESCRIPTION .

L.

APAOL1 Depth of crack No. 1 plus plastic zone size at overload !
APCOL1 Length of crack No. 1 plus plastic zone size at overload
RYAOL1 Plane strain plastic zone for crack No. 1 at overload

- RYCOLY Plane stress plastic zone for crack No. 1 at overload

AKOL1 Depth direction Kpay for crack No. 1 at overload
CKoL1 Surface direction Kpax for crack No. 1 at overload
AOL1 Depth of crack No. 1 at overload

cou Length of crack No. 1 at overload

REMARKS (1) Executable when Method 1 1is used.

(2) 1Initial values are equal to 0.0.

N




FILE 1:

INPUT DATA CARD NO. 8

DESCRIPTION:

FORMAT:

RETARDATION PARAMETERS AT THE EDGE OF CRACK NO. 2

8E10.4

FIELD

1-10

11 - 20

21 - 30

31 - 40

VARIABLE

APAOL2

APCOL2

RYAOL2

RYCOL2

EXAMPLE

0.0

0.0

0.0

0.0

VARIABLE DESCRIPTION
APAOL2
APCOI 2
RYAOL2
RYCOL2
AKOI 2
CKOl.2
AOL2
coL2

Depth of crack No. 2 plus plastic zone size at overload
Length of crack No. 2 plus plastic zone size at overload
Plane strain plastic zone for crack No. 2 at overload
Plane stress plastic zone for crack No. 2 at overload
Depth direction Kpay for crack No. 2 at overload

Surface direction x for crack No. 2 at overload

Depth of crack No. 2 at overload

Length of crack No. 2 at overload

REMARKS Executable when Method 1 is used.

(M)

(2) Initial values are equal to 0.0.
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FILE 1: INPUT DATA CARD NO. 9

DESCRIPTION:
FORMAT:

FATIGUE DAMAGE PARAMETERS
6E10.4

FIELD

11 - 20

21 - 30

31 - 40

41 - 50

51 - 60

VARIABLE

DMGOLY

DELOG!

DMG2

DMGOL2

DELOC?2

EXAMPLE

.685£-04

0.0

.430E-01

.179E-05

0.0

VARIABLE DESCRIPTION
DMG1

DMGOL1
DELOG]
DMG2

DMGOL2
DELOG2

Accumulated damage 1
Damage at overload 1
Accumulated damage . 1 since last overload
Accumulated damage . 2
Damage at overload 2

2

Accumulated damage since last overload

REMARKS (1) Executable when Method 2 is used.

(2) 1Initial values are equal to 0.0.
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FILE 1: INPUT DATA CARD NO. 10

DESCRIPTION: MODEL GEOMETRY AND LOADING CONFIGURATION
FORMAT: 7F10.4, F5.1, F5.2

FIELD 1-10011 -20121 -30]31 -40]41 -50]51 -60}61 -70] 71-715| 76-80

VARIABLE | THK RADIUS | Bl B2 BOLTMY | BOLTM2 | EOD CBK PINDEF
EXAMPLE | 0.188 | 0.125 2.14 0.5 0.0825 | -0.0026) 5.0 20.0 1 1.06
VARIABLE DESCRIPTION

THK Thickness of specimen

RADIUS Radius of middle hole

B1 R.H.S. edge distance to mid hole

B2 L.H.S. edge distance to mid hole

BOLTMI Fraction of load transfer by mid bolt - C,

BOLTM2 Fraction of Load transfer by mid bolt - C;

EOD E/D ratio

CBK % countersunk height

PINDEF Pin deflection

REMARKS (1) Executable for both Methods.
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FILE V: INPUT DATA CARD NO. N

DESCRIPTION: MODEL GEOMETRY AND LOADING CONFIGURATION
N FORMAT: 8F10.4

FIELD 1-10 111 -20| 21 - 30} 31 - 40| 41 - 50| 51 - 60| 61 - 70| 71 - 80

VARIABLE | RADY RAD2 HODISY | HODIS2 | BOLTRY | BOLTR2 | BOLTLY | BOLTL2

EXAMPLE | 0.125 0.0 1.64 0.0 0.0825 0.0100| 0.0 0.0
YARIABLE DESCRIPTION
RAD1 Radius of R.H.S. hole
RAD2 Radius of L.H.S. hole
HODIS) Distance between mid and R.H.S. holes
- HODIS2 Distance between mid and L.H.S. holes
BOLTR] Fraction of load transfer in R.H.S. bolt - C;
BOLTR2 Fraction of Load transfer in R.H.S. bolt - C)
BOLTL1 Fraction of load transfer in L.H.S. bolt - Cy
BOLTL2 Fraction of Load transfer in L.H.S. bolt - C»

REMARKS (1)  Executable for both Methods.
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FILE 1: INPUT DATA CARD NO. 12

DESCRIPTION: SURFACE STRESSES

FORMAT: 2F10.4

FIELD 1-10)| 11 -20

VARIABLE | FRICT FAYSUR

EXAMPLE | 3.00 2.00

YARIABLE DESCRIPTION

FRICT Friction stress due to fastener pre-load
FAYSUR Faying surface friction stress

REMARKS (1) Executable for both Method 1 and Method 2
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| FILE 1: INPUT DATA CARD NO. 13

DESCRIPTION: SPECTRUM AND ROUTINE SELECTION >

) FORMAT : 815 (RIGHT JUSTIFIED) g
FIELD T - 51 6-10111 -15116 -20]21 - 25]26- 30 | 31 - 35 |36 - 40 .
VARIABLE | IRESTA | NSOLD NCRKS NINITS IRETAD | NBLKS KID LID .
EXAMPLE | O 0 1 2 1 100 1010 1010 i

"
VARIABLE DESCRIPTION g
IRESTA 1 a re-start problem, otherwise 0
NSOLD 01d step number from spectrum at stop
NCRKS Number of crack tips
. NINITS Number of crack initiation sites

IRETAD Code to include retardation 1, otherwise 0 ’
NBLKS Maximum number of blocks for analysis y
KID Stress intensity factor code KXXXX subroutine ”
1D Stress concentration factor code SXXXX subroutine 4

REMARKS (1) Routines selection (Ref. Figures 2.1-1 through 2.2-6).
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FILE 1:

INPUT DATA CARD NO. 14

DESCRIPTION: STRINGER'S VARIABLES
FORMAT : 8F10.4
FIELD 1-101]11 -20]21-30{31 -40]41 - 50{ 51 - 60|61 -70| 71 - 80
VARIABLE { VAR VAR2 VAR3 VAR4 VARS VARG VAR7 VARS
EXAMPLE | 1.226 1.414 0.462 1.0 0.2658 | 0.0 0.0 0.0
SUBROUTINE
VARIABLE K2010 K2020 K2040 K2050 K2060
VAR1 Wl Wl Wi HTG D
VAR2 W2 w2 W2 XBAR XBAR
VAR3 T2 T2 T2 YBAR YBAR
VAR4 SFJ SF) SFJ Ixx Ixx
VARS CLTD CLTD CLTD Iyy Iyy
VARG Ixy Ixy
VAR? T2 TU
VARS
REMARKS (1) User defined variables used only with subroutines K2010,
K2020, K2040, K2050 and K2060.
(2) Definition of variable reference pages 41 and 42.
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FILE 1:

INPUT DATA CARD NO. 15

DESCRIPTION: SPECTRUM DESCRIPTION

FORMAT : 3F10.4, 110

FIELD 1-10111-20]21 -30}) 31 - 40

VARIABLE | FLTBLK | BLKLIF | FLTHR ISTRES

EXAMPLE | 120.0 25.0 6000.0 1

VARIABLE DESCRIPTION

FLTBLK Total number of flights in one block

BLKLIF Total number of blocks in one design lifetime
FLTHR Total number of flight hours in one design lifetime
ISTRES Flag for output of stress spectrum (=1 if desired)
REMARKS (1) Non executable variables.
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FILE 2: INPUT DATA CARD NO. 1

W e LY

DESCRIPTION: LOADING SPECTRUM
H FORMAT: 3F10.3
FIELD 0-10 11 - 20 21 - 30
VARIABLE | SIGMAX(I) SIGMIN(I) CYC(I)
EXAMPLE | 21.7 - 5.0 135.0
35.0 21.0 3.0
L}
VARIABILE DESCRIPTION
SIGMAX(I) Maximum stress level
SIGMIN(I) Minimum stress level
CYC(I) Number of cycies in the layer

REMARKS (1) Maximum 3000 stress layers.
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TABLE 2.3-2. VARIABLES DEFINITION OF SUBROUTINES K2010, K2020 AND K2040

—

: | CLTo T
/\( ‘_ |
- (a) ‘TEE' SECTION _ C T ]

"———*~ acr T

_—

¢

CLTD = (T]2 + TZZ)V2 ‘
SFJ = 0 Crack grows toward upstanding leg | Wl ~— W2
= 1 Crack growth away from upstanding leg
- |
REC2)), ,
L T 9cRr *
| Wl > W2 —

— }-—-wz

(b) ‘L' SECTION T —

T2

CLTD = W2 if W2 2T

' TI
CLTD = T I T > W2 (- —E
ot 1T

f—— W1 ;

4)
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L
{
.
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TABLE 2.3-3. VARIABLE DEFINITIONS OF SUBROUTINE K2050

y 1
HGT Stringer Height _
X

XBAR = X [ —— —TU )
YBAR = y T _c,
1 = moment of inertia x - x %
X N -
IW = moment of inertiay -y R [W))))%)\)“ | X
Ixy = product of inertia x -y ’ cl ’
TU = Thickness of upstanding leg
‘V
TABLE 2.3-4. VARIABLE DEFINITION OF SUBROUTINE K2060
D = Distance from ¢ of hole to outer surface of upstanding leg
XBAR = X y
YBAR = Yy ——TZL—
Ixx = moment of inertia x - X [— ‘
L
= § -
IW moment of inertiay -y c1
Ixy = product of inertia x -y ITI % ‘ﬁ"‘
Thickness of upstanding leg , AN )
1 TN 4, !
{
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3.0 EXAMPLE RUNS

This section presents three (3) examples to illustrate the usage of DAMGRO

Computer Program. They include the following:

(1) Skin section subjected to a constant amplitude loading, with maximum
gross stress of 17.0 KSI, R = 0.10 (Ref. pages 44 through 65).

(2) Skin section subjected to a randomized loading spectrum. The modified
Willenborg model was applied (Ref. pages 66 through 90).

(3) Stringer section subjected to a constant amplitude loading spectrum,

with maximum gross stress of 17.0 KSI, R = 0.10 (Ref. pages 91 through
107).
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EXAMPLE 1: SKIN SECTION SUBJECTED TO CONSTANT AMPLITUDE LOADING

‘I
3
-
/L
I

4 _-l .f

R
N MATERIAL:
y
“~

2024-T3 SHEET
> LOADING SPECTRUM:

) CONSTANT AMPLITUDE

- amx=17.0 KSI

REF. PAGES 45 THROUGH 65

1ty -yt

-~
A
»

S INITIAL |

FLAW

O in = 1.7 KSI

44
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TABLE 3.1.1. EXAMPLE 1, METHOD 1 SUMMARY TABLE

REF. PAGES 46 THROUGH 51

-~ INITIAL
/ FLAW
,//
az | /ay [ as o
l ¥+ ((((C0)77177))))).==0) 1t 1 i
I |

a, az a3 LIFE ROUTINE RUN
(IN) (IN) (IN) (CYCLES) GROWTH NO.
.050 0 .005 0 K1010 1
102 0 10,000 K1010 1
.220 0 20,000 K100 1
.419 0 30,000 K1010 1
.188 0 40,000 K1010 1
1.39 0 46,625 K1010 1
0 .380 48,025 K1030 2
0 1.034 50,025 K1030 2
0 1.955 52,625 K1030 2
- 0 3.484 54,625 K1030 2
0 7.303 56,198 K1030 2

NO. OF CYCLES TO FAILURE = 56,198 CYCLES
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; TABLE 3.1.1-1. EXAMPLE 1, METHOD 1, RUN 1 INPUT FILE
Al
[ A 4
. EXAMFLE RUN NO. § SFECIMEN SUBJECTED TO CONSTANT AMLITUDE LOADING SPECTRUM
2024 -13  SHEET
2.2374L-09 0.70 3.3386 6.2126E-9 0.00 2.9783
t16.00 36.60 53.0 2.0 2.3 0.99 -0.99
10.426 ~.366 9.887 10700.0 0.022 1.000 1.0 1.0
9.050 1.390 0.050 0.188 .0000 0.000 0.000 0.000
0.0000[+000‘0000E+000.0000E+000.0000E+000.00005*000.0000E+000‘OOOOEOOO0.00002*00
0.0000E+000.0000E+000.0000E+000.0000E+000 ., 0000E+000.0000E +000.0000E+000.0000E+00
0.0000E+000.0000E+000.0000E+000.0000E+000.0000E+000.0000E+00
0.188 0.12%0 8.18 9.82 0.00000 . 00000 99.900 S6. 1.00
0.0000 0.12%0 0.00 1.64 0.00000 . 00000 0.00000 .00000 -
N 0.000 0.0000
[¢] 00 1 [} f 100 1010 0000
; 0.000 0.000 0.000 0.000 0.000 9.000 0.000 0.000
L 120.0 35.0 6000, i
.‘.’
L -
.
& TABLE 3.1.1-2. EXAMPLE 1, METHOD 1, RUN 1 OUTPUT FILE
sxxxx DETAILED DAMAGE GROWTH ANALYSIS PROGRAM D A M G R O  wxexx
H
s
b EXAMFLE RUN NO. { SFECIMEN SUBJECTED TO CONSTANT AMFLITUDE LOADING SPECTRUM
* THIS ANALYSIS STARTS AT THE EEGINNING OF THE STRESS SFECTRUM »
\
? NO. OF SITES TO BE ANALYZED : CRACK GROWTH = 1; CRACK INITIATION = 0
CORRESFONDING DAMAGE CODES :  CRACK GROWTH = 1010; CRACK INITIATION = 0
g
LDAD INTERACTION : NONE
)
g MATERIAL 2024-T3 SHEET
3 WALKER EQ. CONST. (+R) : C = 0.224E~08, M =0.700, N =3.339
<4 WALKER EQ. CONST. (~R) : C = 0.421E-08, M =0.000, N =2.978

MAX. K FOR DC/DN THRESHOLD = 2.000
RETARDATION SHUT-OFF RATIO = 2,300

v +R CUT-OFF = 0.9900, ~R CUT-OFF = -0,9900
L YIELD STRENGTH : 53.000

ELASTIC MODULUS = 0.1070E+05

FL. STRESS FRACT. TOUGHNESS 116.00

FL. STRAIN FRACT. TOUGHNESS 36.00

DAMAGE INDEX FOR CRACK INITIATION = 0.892
NEUBRER MATERTAL CONST. = 0.022

CRACK INITIATION EQ. CONST. : SF = 10.426, M =-.346
» STRESS SEVEKITY FACTOR FARAMETEKS :

': ALFHA = 1.0000, BRETA = {.0000, GAMMA = {.0000
< SPECIFIED DAMAGE CONDITIONS .
2 INTTIAL CRACK LENGTH OF CRACK NO. ¢ 0.05000
FINAL CRACK LENGTH OF CRACK NO., ¢ 1.39000
. INITIAL CRACK DEFTH OF CRACK NO, f 0.05000
FINAL CRACK DEFTH OF CRACK NO. ¢ - 0.186800 .
INITIAL CRACK LENGTH OF CRACK NO. 2 0.00000
¢ FINAL CRACK LENGTH OF CRACK NO, 2 - 0.00000
: INTTIAL CRACK DEFTH OF CRACK NO. 2 0.00009
o FINAL CRACK DEFTH OF CRACK NO. 2 : 0.00010
4 FARAMETERS FROM FREVIOUS CRACK GROWTH HISTORY
¢ AFAOLY = ,000E+00, AFCOLY = ,000E+00, RYAOLY = ,000E+00, RYCOLY = ,000E+0C
AKOLY = .000E+00, CKOLt = ,000E+00, AOLY = .D00E+00, CoLs = _000F40¢
. AFAOL2 = .000E+00, APCOL2 = ,000E+00, RYAOLD? = .000E+00, RYCOL2 = ,000t +00
1 AKOL2 = .000E+00, CKOL2 = ,000E+00, AQLY? = ,000E+00, COL2 = 000 +00
~ FARAMETERS FENM FREVINUS CRACK INITIATION HISTORY

DMGY = .0N00E+00, DMGNLY =.000E+00, DEIDLY =,000E+00
DMLY = [000F +00, DMGM. 2 = .000E+00, DELDLD =,000F+00

- 46
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X TABLE 3.1.1-2. EXAMPLE 1, METHOD 1, RUN 1 OUTPUT FILE (CON'T.)

N
A
i
i
t
B
COMPONENT GEOMETRY
\» * THICKNESS OF PLATE : 0.18800
i RADIUS OF MID. HOLE : 0.12500
J RATIO OF PLATE LENGTH 7O HOLE DIAMETER, E/D : 99.89999
4 . DISTANCE BETWEEN MID. HOLE AND R.H.S. EDGE : 9.82000
DISTANCE BETWEEN MID. HOLE AND L.H.S. EDGE : 8.18000
FRACTION OF LOAD TRANSFER BY MID. BOLT : 0.00000, 0.00000
RADIUS OF THE R.H.S. HOLE - 0.12500
DISTANCE BETWEEN MID. AND R.H.S. HOLES : 1.64000
FRACTION OF LOAD TRANSFER RY R.H.S. BROLT : 0.00000, 0.00000
RADIUS OF THE L.H.S. HOLE : 0.00000
. DISTANCE BETWEEN MID. AND L.H.S. HOLES : 0.00000
N FRACTION OF LOAD TRANSFER BY L.H.S. BOLT : 0.00000, 0.00000
PERCENTAGE OF COUNTERSINK DEFTH W.K.T THICKNESS : 20.0
STRESS CONCENTRATION DUE TO FIN DEFLECTION : 1.00
FASTENER HEAD OR COLLAR FRICTION STRESS : 0.0000
FAYING SURFACE FRICTION STRESS : 0.0000
STRESS SFECTRUM
NO. OF BLOCKS SPECIFIED FOR ANALYSIS : 100
TOTAL NO. OF CYCLES IN ONE BLOCK : 10000.000
N TOTAL NO. OF FLIGHTS IN ONE BLOCK : 120.000
. NO. OF RLOCKS IN ONE DESIGN LIFETIME : 25.000
. NO. OF FLIGHT HOURS IN ONE DESIGN LIFETIME : 6000.000
~ MAXIMUM FEAK STRESS OF THE SPECTRUM : 17.000
NO. OF STRESS LAYERS IN ONE BLOCK 10
L)
» .
STRESS LAYERS IN ONE BLOCK :
STEP SIGMA-MAX SIGMA-MIN CYCLES STEP SIGMA-MAX SIGMA-MIN CYCLES
. ] 17.000 1.700 1000.000 2 17.000 1.700 1000.000
3 17.000 1.700 1000.000 4 17.000 1.700 1000.000
5 17.000 1.700 1000.000 6 17.000 1.700 1000.000
7 17.000 1.700 1000.000 8 17.000 1.700 1000.000
? 17.000 1.700 1000.000 10 §7.000 1.700 1000.000
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TABLE 3.1.1-2. EXAMPLE 1, METHOD 1, RUN 1 OUTPUT FILE (CONCLUDED)

4
b)
'
y wunuxxx DA MAGE GROWTH HL1STORY senunan
RLOCK c4 c2 KMAX-C{ KMAX-C2  DCY/DF DC2/DF  INITIAY  INITIA2
At A2 KMAX-A1 KMAX-A2  DA1/DF DA2/DF KN1 KN2
( 0.0 0.05000 0.00000 9.054 0.000 .000E+00 .000E+00 .000E+00 .OO0E+00
0.05000 0.00000 11.348 0.000 .000E+00 .000E+00 ,000E+00 .OO0QE+00
1.0 0.10203 0.00000 12.570 0.000 .434E-03 .000E+00 .000E+00 ,000E+00
0.13103 0.00000 13.606 0.000 .675E-03 .000E+00 .000E+00 .00OE+00
. STABRLE BREAK-THROUGH OF CRACK NO. 1 OCCURS AT :
: CYC= 135.0, STEP = &, BLOCK = 2, CRACK DEFTH = 0.18805
s CRACK DEFTH IS SET EQUAL TO FLATE THICKNESS 0.1880 INCHES
2.0 0.22022 0.00000 {15.227 0.000 .985€-03 ,000E+00 .000E+00 .OO00E+0C
0.18800 0.00000 0.000 0.000 .47SE-03 .000E+00 ,000E+Q0 ,O000E+00
3.0 0.41962 0.00000 17.733 0.000 .166E-02 .000E+00 .OO0E+00 .OOOE+0C
‘ 0.18800 0.00000 0.000 0.000 .000E+00 .000E+00 .0O0E+00 .0OOE+00
z 4.0 0.78810 0.00000 22.009 0,000 ,307E-02 .000E+00 .00GE+00 ,O0QE+0C
0.18800 0.00000 0.000 0.000 ,000E+00 ,000E+00 ,000E+00 .0OOE+0C
Rk — CRACK NO. 1 HAS REACHED THE SPECIFIED LENGTH §.3900 INCHES AT
CYC = 625.0, STEP = 7, BLOCK = 5, CKMAXS= 63.24, Ci= 1.39096
TERMINATE DAMAGE COMFUTATION -
. CRACK LENGTHS AT THE TERMINATION OF CRACK INITIATION COMFUTATION :
Ci = 1.39096, Af = 0.18800, C2 = 0,00000, A2 = 0,00000
)
RETARDTION FARAMETERS AT THE TERMINATION OF CRACK GROWTH COMFUTATION
AFADLY = .000E+00, APCOLY = .000E+00, RYAOLI = .000E+00, RYCOLY = .O0O0OE+0C
? AKOLY = .000E+00, CKOLi = .000E+00, AOLY = ,000E+00, COL{ = .000E+0OC
AFADL2 = .000E+00, APCOL2 = .000E+00, RYAOL2 = .00QE+00, RYCOL2 = .G00E+OC
: AKOL2 = .000E+00, CKOL2 = .000E+00, AOL2 = .000E+00, COL2 = .000E+0C

) RETARDATION FARAMETERS AT THE TERMINATION OF CRACK INITIATION COMFUTATION
4 DMGY = .000E+00, DMGOL{1 =.000E+006, DELDGI =.000E+00
DMG2 = .000E+00, DMGOL2 =.000E4+00, DELDG2 =.000E+00

1
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TABLE 3.1.1-3.

EXAMPLE KUN NUO. t SFECIMEN SUBJECTED IO CONSTANT AMLITUDE LOADING SFECTKUM

202413  SHRET

2.2374E-09 0.70 3.3386 6.2126E-9 0.00 2.9743
116.00 36.0 53.0 2.0 2.3 0.99 -0.99
10.426 -.366 0.887 10700.0 0,022 1.000 1.0 1.0
0.055 8.180 0.072 0.188 .0000 0.000 0.000 0.000

0.0000E+000.0000E+000.0000E+000.0000E+000.0000E+000.0000E+000.0000E+000.0000E£+00
©9.0000E+000.0000E+000.0000E+000.0000E+000, 0000E +000 , 0000E+000 . 0000E+000.0000E+00
©.0000E+000.0000E+000.0000E+000.0000E+000.0000E+000 . 0000E +00

0.188  0.1250 8.18 9.82  0.00000 .00000  99.960 50. 1.00
0.0000  0.1250 .00 1.64 ©0.00000 .00000  0.00000 .00000
0.000 0.0000
0 00 1 0 1 100 1630 0000

6.000 0.000 0.000 0.060 0.000 0.000 0.000 0.000

120.0 25.0 6000. 1

TABLE 3.1.1-4. EXAMPLE 1, METHOD 1, RUN 2 OUTPUT FILE
sxxux  DETAILED DAMAGE GFROWTH ANALYSIS FROGFAM D A M 6 [ 00 s#xwxw

EXAMPLE 1, METHOD 1, RUN 2 INPUT FILE

EXAMIMLE RUN NOL 1 SPECIMEN SURJECTED TO CONSTANT AMFL1TUDE LOADING SPECTRUM

* THIZ ANALYSIS STARTS AT THE REGINNING OF THE STRESS SFECTRUM %

NO. OF SITES TO RE ANALYZED
CORRESFONDING DAMAGE CODES
LOAD INTERACTION NONE
MATERTAL 2024-T3  SHEET
WALKER ER. CONST. (+R) G
WALKER EQ. CONST. (~-R) : C
MAX. K FOR DC/DN THRESHOLD = 2.000
RETARDATION SHUT-OFF RATIO = 2.300
+R CUT-0OFF = 0.9900,
YTIELD STRENGTH @ 53X.000
FLASTIC MODULUS = 0.1070E+05
FL. STRESS FRACT. TOUGHNESS =
Fl.. STRAIN FRACT.

a i

116.00
TOUGHNESS = 24,00

DAMAGE INDFY FOF CRACK INITIATION = 0.

NEDRER MATERTAL CONST. = 0,022

CHRACK INITIATION EQ. CONST. SF = 40.

STRESS SEVERITY FACTOR FARAMETERS
ALFHA = 1.0000, ERETA = {,0000,

SPECIIIED DAMAGE COMDITIONS

IBITIAL CRACK LFNGTH OF CRACK NO,
FINAL CRACK LEMGTH OF CRACK N, 4
IMTTIAL CRACK DITPTH OF CRACK 0, 4
FInal (FACK DEF'TH OF CRACK ND. 1
THITIAL CRACK LENGTH OF CRACK MO, 2
FTNAL CRACK LENGTH 0O CRACK M, 2
INITIAL CRACK DEFTH OF CRACK #HO. 2
FINAL CRACK DEFTH 0OF CRACK MO, 2

0.224L-08,
0.421E-08,

-R CUT-QFF = -0,

CRACK GROWTH = 1
CRACK GROWTH = 1030

M o=0.
M o=,

99060

8y2

4246, M

(sAMMA = 1,00

0. 05500
1. 53000
6LOTRA0
0, R0
0. 0NO00
0.0DA00
0. 00000
0.00000

FaraMETERS FROM PREVIOUS CRACK GFOMTH HISTORY
AFAQLE = LODDE+00, AFCOLY
AKOL 4

LSOO 400,
LOOOEAO0 . CKOLA OGO O,
LONOEAQN, APCOLD = (00GE+00,
= LON0E4O0,  CKOLD LON0OT 00,
YOFROM FREVTIOUNY CRATK

LOGOE 0 MG
LANDBE G PMENLD

PRARRTAIRE T 4T ¢ 8
SO L ney

49

RYAOL 4
A

RYANI 2

a2

INLTTATION W OTORY

prt D
RS

700, N =3.219
000, N =2.974

e BbG

o0

L0000, BYC
SOOOF 00, LRI ]
LOOOERO0, RYCMH ?
LOGAE E00, [ AT

L 600

R N R 11

CRACK IHITIATION
i FCRACK TNTTIATION

3

.00nT
REAIATRY]

Alelsln

iaag

+O0
[Nala!
(X114
[Xalal




TABLE 3.1.1-4. EXAMPLE 1, METHOD 1, RUN 2 OUTPUT FILE (CON'T.)

COMFONENT GEOMETRY

THICKNESS OF FLATE : 0.13800 -
RADIUS OF MID. HOLE 0.12500 '
RATIO OF FLATE LENGTH TO HOLE DIAMETER, E/D P9.89999
DISTANCE BETWEEN MID. HOLE AND R.H.S. EDGE 8.18000
DISTANCE BETWEEN MID. HOLE AND LL.H.S5. EDGE ?.022000
FRACTION OF LLOAD TRANSFER EBY MID. BROLT 0.6000G,  0.00000
RADIUS OF THE R.M.S. HOLE : 0.00000
DISTANCE BETWEEN MID. aAND R.H.Y. HOLES - 0.60000
FRACTION OF LOAD TRANSFER RY R.H.S. BOLT 0.00000, 0.00000
RADIUS OF THE L.H.S. HOLE 0, 12500
DISTANCE BETWEEN MID. AND LL.H.S. HOLES : §.44000
FRACTION OF LOAD TRANSFER RY L.H.S8. BOLT 0.00600,  0.00000
PERCENTAGE OF COUNTERSINK DEFMTH W.R.T THICKNESS 20,0
STRESS CONCENTRATION DUE TO FIN DEFLECTIOM 100
FASTENER HEAD OR COLLAR FRICTION STRESS O HO00
FAYING SURFACE I'RTCTION STRESE 0. 0000
STRESS SPUCTRUM
NOL OF BLOCKS SFECIFIED FOR ANALYSIS 100
TOTAL NO. OF CYCLES IN ONE BLOQCK - 2000, HGOO
TOTAL NO. OF FLIGHTS IN ONE ®LOCK - 1200, G0N
NO, OF RLOCKS IN ONE DFESIGHN LIFETIMD . AN (LR
NO. OF FLIGHT HNURS TN ONE DESTGN LIFETIME - HOGG 0N
: MAaX THUM PEAE STRESS OF THE “FECTRUM 0 600
- N OF STRESS LAVERS IN ONE RLOCK 2
v
b
L
[
L
S ‘!
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TABLE 3.1.1-4. EXAMPLE 1, METHOD 1, RUN 2 OUTPUT FILE (CONCLUDED) \
K3
S LY
v
s
4
(3
_
3
s,
i
STRESS LAYERS IN ONE ERLOCK
STEF SIGMA-MAX SIGMA-MIN CYCLES STEP SIGMA-MAX  SIGMA-MIN CYCLrs :ﬂ
i 17,000 1.700 9000.0600 2 17,000 1.700 1000.09 A
STARLE BREAK-THROUGH OF CRACK NO. 1 QCCURS AT "
CYC= 944.0, STEF = i, RLOCK = 1, CRACK DEFTH = 0.,18893 ¥
CRACK DEFTH IS SET EQUAL TO FLATE THICKNESS 0.1880 INCHLS )
0.0 0.05500 0.00000 23.358 0.000 .000F+00 . 000M+00 .000I+00 .OOOE+00 :
0.07200 0.000600 25,781 0.000 .000F+00 .O0OFE+00 000 +00  (QOOE OO0 o
1.0 0.38048 0.00000 35.380 0,000 L2740-02 .000L+0H0 [ Q0GE+00 [00OE+00 ‘.
0.18800  0.00000 0.000 0,000 .9670~03 2 LO00E+DD L OONE DO "
2.0 1.03462  0.00000 X9.5%58 0.000  [54%F 0D LOO0T 00 LOOAH00 '
0.18800 0.00000 0.000 0.000 .000[+00 LOO0E 400 L OGDIHO0 'l
3.0 1.95571 0.00000 44,499 0.000 768E-02 DODIELO0 L O0NE DO
0.18800 0.00000 0.0600 0.000 .000E+00 LOO00E+00  LOO0E+00 [
4.0 3X.48375 0.00000 54,072 0.000 L9127E-01 . ¢ LOODEHQ0 LODOE 1 ND 2
0.18800 0.00000 0.000 0.000 [000E+00 .Q00E+00 ,Q0NE+06 .ONOE+00 Ly
UNSTARLE GROWTH OF CRACK NO. 1 OCCURS AT: N
CYe = 573.0, STEF = 2, BRBLOCK = 5, CRACK LENGTH = 7.30287, CKHAXS=116.4 #
THE OTHER CRACK LENGTH = 0.00000 %

~ TERMINATE DAMAGE COMFUTATION

RETARDTTON FPARAMETERS AT THE TERMINATION OF CRACK GROWTH COMMUTATION
AFADIL 1 LO0OE+00, AFCOL4 LO00E+00, RYAQLY = [000T¢00, RYLOLE = JO0OF 00
AKOL. 4 SOOBE+00,  CKOLA LO00E+00, ACL LOQOE+Q0, COLE = 008 +00
AFADLY LO0DE+00, AFCOL2 LO00E+00, RYAQLD = LOODE+00, RYCOLD = [ 0OE200
AKOL.2 S000E+00, CKOL2 = LO0OE+0Q, AOQL2 = Q0 O, COL2 = 0000
RETARDATION FARAMETERS AT THE TERMIMATION OF CRACHK INTTON COMMUTATION
DMGH LO00E409, DMGOLY =, 000E+00, DELDGT =.00011+00
DML, D L000F+00, DMGOL2 =.000E+00, DELDG2 =.0000+00 i
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TABLE 3.1.2. EXAMPLE 1, METHOD 2 SUMMARY TABLE
: H 65
_ REF. PAGES 53 THROUG!
INITIAL
FLAW
azi a) | as
] + 1t (KL I 2/))))) 4)-r44224) 1 t ]| .
;
[.
h
ai a? a3l LIFE ROUTINES RUN
E (IN) (IN) (IN) (CYCLES) GROWTH INITIATION NO.
\ .050 0 0 0 K1010 $1010 1
.102 0 0 10,000 K1010 S1010 1
.220 0 0 20,000 K1010 S1010 ]
.419 0 0 30,000 K1010 $1010 1
.788 0 0 40,000 K1010 S1010 )
.904 0 0 42,000 K1010 $1010 1
1.048 0 0 44,000 K1010 $1010 1
1.246 0 0 46,000 K1010 $1010 1
1.39 0 0 46,625 K1010 $1010 1
.050 0 51,625 - S1040 2
.330 0 53,625 K1030 $1050 3
.961 0 55,625 K1030 $1050 3
1.364  0.050 56,625 K1030 S1050 3
2.618  1.233 58,625 K1050 - 4
3.254  4.572 59,625 K1050 - 4

NO. OF CYCLES TO SECONDARY CRACK INITIATION = 51,625 CYCLES
NO. OF CYCLES TO FAILURE = 59,625 CYCLES

o R — ——— N
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TABLE 3.1.2-1. EXAMPLE 1, METHOD 2, RUN 1 INPUT FILE
4
EXAMFLE RUN NO. { SPECIMEN SUBJECTED TO CONSTANT AMLITUDE LOADING SPECTRUM
2024-T3  SHEET
) 2.2374E-69 0.70  3.3386 6.2126E-9 0.00  2.9783
116.00 36.0 53.0 2.0 2.3 0.99 -0.99
10,406 -.366 0.892  10760.0 0.022 1.000 1.0 1.0
0.050 1.390 0.050 0.188 .0000 0.000 0.000 ©.600
0.0000E +000 . 0000E +000 . 000OE +000 . 6OOOE +600 . 0000 +000 . 0000E +000 . 00GOE+000 . 000OE +00
©.0000E +000 . 0000E +090 . 0000 +000 . 000IE +000 . GOOOE +000 . 0000E +000 . 60F0E+000 . 00GOE +00
©.0000E +000 . 0000E +000 . 00OOE+000 . 00OOE +000 . 0000E+000 . 000GE +00
. 0.188  0.1250 8.18 9.82  0.00000 .00000  99.900 S50. 1.00
0.0000  0.1250 0.00 1.64 0.00000 .00000  0.60000 .00000
0.000 0.0000
0 00 1 2 1 160 1010 1010
0.000 0.000 ©.000 ©.000 0.000 0.000 6.000 0.000
. 120.0 25.9 4000, 1
TABLE 3.1.2-2. EXAMPLE 1, METHOD 2, RUN 1 OUTPUT FILE
wxnxx  DETAILED DAMAGE GROWTH ANALYSIS FROGRAM DAMGHRD *exxxn
EXAMPLE RUN NO. 1 SPECIMEN SURJECTED TO CONSTANT AMFLITUDE LOADING SPECTRUM
* THIS ANALYSIS STARTS AT THE REGINNING OF THE STRESS SFECTRUM =
NO. OF SITES TO BE ANALYZED CRACK GROWTH = 1; CRACK INITIATION = 2
- CORRESFONDING DAMAGE CODES :©  CRACK GROWTH = 1040; CRACK INITIATION = 1016
LLOAD INTERACTION : NONE
MATERIAL 2024-T3  SHEET
WAHLKER EQ. CONST. (¢R) = € = 0,224E-08, M =0.700, N =X.339
WALKER EQ. CONST. (~R) - C = 0.671E-08, M =0.000, N =3.978
MAX. K FOR DC/DN THRESHOLD = 2.000
RE TARDATION SHUT-OFF RATIO = 2.300
+F CUT-0FF = 0.9900, R CUT-OFF = --0.9960
YIFLD STRENGTH @ 53,000
EV aSTIC MODULUS = 0.1070E+0%
FL. STRESS FRACT. TOUGHNLSS = 145,00
Fl.. STRAIN FRACT. TOUGHNESS = 34.00
DAMAGE INDEX FOR CRACK TIMTITIATION = 0.892
NEUBER MATERIAL CONST. = 0.022
CRACK INITIATION EQ. CONST. : SF = 10.426, M =-,366
STRESS SEVERITY FACTOR PARAMETERS
ALFHA = 1.0000, HETA = {.0000, GAMMA - 1.0000
SFECIFIED DAMAGE CONDTTIONS
INTTIAL CRACK LENGTH NF CHACK NO. 4 . 0.0K00%
FINAL CRACK LENGTH OF CRACK N, ¥ §.39000
TMITIAL CRACK DEFTH OF CRACK MO, 4 0.65000
» FINAL CRACK DEFTH OF CRACK NP, § 0. 18800
INITIAL CRACK LENGTH OF CRACK NO. 2  0.50000
FINAL CRACK LENGTH OF CRACK NO. 2 0.100000
INITIAL CRACK DEFTH OF CRACK MO, 2 - 0. 00000
FINAL CRACK DEFTH OF CRACK NO., 2 - 0. 00000
FARAMETERS FROM FREVIOUS CRACEH GROWTH HISTARY
AFADILA = LO00E+00, AFLOLS = ,N00F+A0, RYADLS = ,00NE406, RYCHLE = 0000 100
AKDL Y = LO0OFE+00. CKOLE = _0OOF10H,  /0Li = (000F a6, (DA = L O0GF 400
AFAMLY = LO00EL00. AFCOL2 = . 000E100, RYADL? = (0000 100, EYCOLD = D00F00
AKOLD = L0000 +00, CHOLD = .000E+00,  anl ™ . 000Fs60,  V0LD = 9061 00
-~ FARAMETERS FROM PREVIDUS CRACE INITIATION HISFORY
DMEA = L NOOTHO0, DMGALY = @004,  DELUGT + 000l 206
MG = LGOOE 4 0G. DUROL™? = G00F 130,  DIL LD = hid 00
53
8
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TABLE 3.1.2-2. EXAMPLE 1, METHOD 2, RUN 1 OUTPUT FILE (CON'T.)

COMPONENT GEQOMETEY

THTCKNESS OF FLATE 0.18300
RADIUS OF MID 1OLE 0.12500
RATIO OF FLATE LENGTH TO HOLE DIAMETER, E/D : 99.8999%
DISTANCE RETWEEN MID. HOLE AND R.H.S. FDGE 7.82000
DISTANCE BETWEEN MID. HOLE AND )..H.5. EDGE - g.18500
FEACTION OF LOAD TEOHUIFER RY MIO. ROLT - 0.00000 G, ODHO0
FADTUS OF THE R WS HOLE . O 42800
BISTANCL RETWEET! MID, AND K.H.Y., HOLES 1.A4000
FIaCTION OF LOAD TRANSFER BY R.IH.S. RBOLT 0.00%00, 0.00000
RADTUS OF THE L.H. S, HOLE - GL OO0
DISTANCE BETWEEN MID. AND L.H.S. HOLES : 0. 00000
FEACTION QF LOAD TRAMSFER EBY L.H.S. BOLT - 0.00700,  0.,000M)
FERCENTAGE OF COUNTERSTHNK DEPTH W.R.T THICKNESS : 20.0
STRESS CONCENTRATTON DUE TO FIN DEFLECTION 100
FASTENER HEAD OR COLLAEK FRICTION STRESS - 0.00"0
FAYING SURFACE FRICTI0ON STRESS ’ 0.00006
STRESS SPECTRUM
N OF BLOCKS SPECIFIED FOR ANALYSIS 100
TATAL NO. OF CYCLES IN ONE RLOCE 20000048
TOTAL NO, OF FLIGHTS IN ONE BL.OCK - 20,6000
NOLOF RLOCKS IN ONE DESIGN LINETIME - 25,000
NOL OF FLIGHT HOURS IN ONE DESTGN LIFETIME HOOD D0
MAXTMUM PEAK JTRESY OF THE SFECTRUM - 7. 000
N OF STRESS LAYERS IN ONE BLOCK s
STREZS LAYERS TN ONE RLOCK
FYEF STGMA-MAX  STIHMA-MIN cyerLry STEP TTGMA-MAN SVGMA-MIN Cyo iy
| 17.000 1.700 100,00 2 17006 {700 100G AN
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A TABLE 3.1.2-2. EXAMPLE 1, METHOD 2, RUN 1 OUTPUT FILE (CON'T.)
A
F
A
-
LA A1 22 L] DAaMAGE CROWTH HI S 1TO0RY (223 2 TN
. EL.OCK C1 c2 KMAX--C1  KM&M-C2 DCA/DE DC2/DF TNITIA INTYTA?
Al A2 KMAX - KMA> ~A2 DAY /DI DAL /DI KN§ 1y
0.0 0.03000 0. 00000 Q.04 0000 L O0NT+00 L 001 400 02 C3ATE U
Q.05000  0.00000 11.7%48 QL0000 LOANBE L HBO CDO0E 00 L AAE DY MROF F
1.0 0.0%4630 0.00000 @.840 [aRATeT¢) OHUTE 04 L0007 400 AR 02 CEBOF - DD
0.06240 0.00000 11.8:0 0000 LA0IE-0T 00 +00 | 246F 04 LISOE O
2.0 0.06447% 0.00000 10.57¢9 {r. "o V- DR 00 ARE -8 QR2f 0P
0.07653 0.00000 12,290 O.000 LO01 +00 L 268404 L2500 +04
3.0 0.07468  0.00000 14..149 O L0000 LOO0F 400 100 94 JAXEE Of
0.07268  0.00000 §12.7%4 0.900 . 00 00 L Q2P0E 404 LABOE 408
4.0 0.08707 0.00000 14.902 0,090 A .I" -0 3 Q0+ 00 craar ng L6808
0.410682  0.00000 13,490 OO0 .131F -03  JO00FE+00 [ 274F 1 04 LB 0y
5.0 0.10203 0,00000 12.570 0,000 JI24E-03 [ 000F+00 343104 L Q05 - O
0.13103 0.00000 13,606 0.000 L14BE-03 [ 000L+Q0 [ 278FE 04 L A50F 401
6.0 0.11997 0H.00000 13.282 0.000 14AYE-03 000 +00 [ A8QF - i L AXE--OF
0.153%X3 0.00000 13, 087 0,000 LIBAE-OZ 00D 400 DADE 0 L2000 H0g
7.0 0.15949  0.00000 13X, 0. 000 JALIE-0F LOO0E 400 LAARE - et 2 LA T S|
0.17540 0.00000 13X, 0,000 4184E-03 . A00E400 | D TEHE L0 L 2T 01
STARLE BREAK-THROUGH OF CRACK NO. 1 OCCURS AT
S~ CYC= 135.90, STEF = 2, BoOCK = 8, CRACK DEFTH = 0.,4880%
CRACK DEFTH IS SET EQUAL TO PLATE THICKNESS .1880 TNCHES
8.0 0.146290 0.00000 14,5141 QN0 (A9BE-03 [ 0OQE4N0 R NE-08 LAY TE
0.18800 (.00000 0.000 3,000  [105E-03 _000F+00 DADE40 LY XY
9.0 0.19041 0.00000 14,0852 0,000 L229E-0% [ 0D00E+IO SV FE-04 LS N X |
0.18800 0.00000 0 000 0.000 L000E+0D ,NO0II+00 |, 7A0F+01 LDAS0F 09
10.0 0.22022 0.00000 5.227 0.000 QF L 00NN ARLE-OF (392K N
0.18800 0.00000 0 000 0.600 .000r+00 L0000 2951+ 01 LUROF 04
11.0  0.27%265 0.00000 15.637 0.000 ,270E-03 2001 +00 | 7R7-0F .4‘“! g
0, HIQOO 0. 00000 0.000 0,000 LO00F 400 LDODE 00 . »-"1 ’l‘"#()' LSO 0y
i2.0 22 Q.a00600 44,008 QO 0NG 2946 0% O0OE 400 y LA 04
: 0.00000 0. 400 0. 000 000! +O0 IADL 10O " T BT
t3.0 0.32744 0.,00000 14,584 0,600 Z220-9% D00 N0 40aTe0N T aAT Gy
0.40300  6,00000 (L O0H AN T B o T TAT IR A R AT ST R A T BRI O N FR R Tt A R
14.0 0.37097 0Q.006000 §17.130 0,000 AR QR LOD0F 0N LRI eO0 ARl 0f
»
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TABLE 3.1.2-2.

A g
0.18800 0.00000 Q.00
15.0 0.41962 0.00000 §17.733
0.18800 0.00000 Q.60
16.0 0.47447 0.00000 18,40
0.48800 0.00000 0,00
17.0 0.534670 0.00000 19,173
0.18800 0.006000 0.00d
10.0° 0.460812 0.00000 19,974
0.18800 0.006000 Q.000
19.0 0.69090 0.00000 20,9200
0.18800 0.00000 0.000
20,0 0.78R10  0.H06006 22.909
0.18800 0.060000 0.000
21,0 0.90452 0,05000 23.3513
0.12800  0,00000 0.000
22,0 1.04848 0.00000 25.039.
0.18800 0.60000 0.100
CRACK NO. 1 HAS REACHED THE SFEC
Cye o= 62%5.0. STEFR = 1.
TERMINATE DAMAGE COMPUTATION
Q3.0 1.2467F 0.00000 29167
- 0.12800 0.00000 0. 000
CrraCK LENGTHS AT THE
C1 = 4.390%6, A
RETARDTTON FARAMETERS AT THE
AFAQLY = L ONOF 00, AFCOI 1
AKOLA = 00 o, CKOL A
APADLD = JO06F+00, APCH.2 -
AKOLY = [ B00E +0O0, [ L R
RETARDATION PARGHETI RS &1 TH
DML B OO0, DMGATL
DM = : <OF, DEGTED
e

EXAMPLE 1,

ESaadai O 200 Sl

D.000  LO0OE+00
0.000 LJ40SE-03
0.900  LO000E+0D0
0.700 .457E~-03
0.000 .000E+0Q
0,000  S549E~03
0.030  L000E+00
0.000 L393E-03
0.000 .OOOE+DO
0.000 L(670E-03
0.000  LOOOE+OO
0.000 .810E-03
0.000 LO0OF+C

0.000 .970E-03
0,000 LO00E+0O
0.M00  LA20E-02
0.000  LOOOE+D0

CIFLED LENGTH A
B.OCK =

0.

(33N

TERMINATION OF

OO 00,
FOTUEMINATION (F
AL N T I
REATRTRI SRR A TN

56

L 3R00

24, CKMaAX
000 LHADE D2
GO0  LO00E2H00

e

RYéa 1
AL T =
RY AN =
YRR

A +00,
AE+00,
+06,

DL
DET 0.2

AN

D008,

TRACY

CremeK

s
-." '-

LOO0E+00
LODOEA 00
LOOOE+00
.000f400

000r400
LOOOE 400

LOOOF +H0
LO00E+0Q0
LO06E + 00
LO000E+0O
LQOOF+00
SO0 N0
L0001 + 00
L DOOE+00
SOOOF GO

INCHES
Y 6324,

LNO0E D0
(OOE 400

.oarn

-

AnOE 40N

N e Yex

AL =

LA e

LIDHEADS
ABIEAQD
.?KWE+01

L 2PAEHO0
L ROAE 4O

S REOE+ON
LA OHEAO0
LAZAEROO
SARGLHO

AT .
Cfe

CRABEA00
A4H4F 4 04

TERMINATION OF CRACK TNITTIATION COMEUTATION
s 0,18800, €2 =

D 00100

GROWTH COMPUTATLON
LOEDEHO0
o0 T TSI
DHOE$ A0,
LOOOE 4600
THTTTATINN COMENT AT L
SLONOE 100

Fey oLt
[RIAN]
Eyeoy o
waLe

Lo g g

RS A e b Sk e S i B A i

METHOD 2, RUN 1 OUTPUT FILE (CONCLUDED)

LATAE D

SNOT 40
../"v’ﬂ RER]
CONOF 20

L2 -’)I +04

LBORE-0
LAROE N
LA Of
LPNAL 4O

L2094

JRTEC 0T
LV OE 0y

LOONE 200

NOLERERS BRCN A TR
L0 Ol LA
AT
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TABLE 3.1.2-3. EXAMPLE 1, METHOD 2, RUN 2 INPUT FILE

EXAMFLE RUN NO. t SPECIMEN SUBJECTED TO CONSTANT AMLITUDE LOADING SPECTRUM
2024-T3 SHEET

. 2.2374E-09 0.70 3.3386 6.2126E-9 0.00 2.9783
116.00 36.0 53.0 2.0 2.3 0.99 -0.99
10.426 ~.366 0.892 10700.0 0.0622 1.000 1.0 1.0
0.000 0.0600 0.000 0.000 . 0000 0,000 0.000 0.000

0.0000E+000.0000E+000.0000E+000, 0000E+000 , 0000F +000 . 0000E +000.0000E+000.0000E+00
0.0000E+000.0000E+000.0000E+000.0000E+000.0000E+000.0000E+000 . 0000E+v00.0000E+00
0.5250E +000.0000E+000.0000E+000,8770E-010.0000E+000 . 0000E +60

0.188 0.1250 8.18 9.82 0.00000 .00000 99.900 50. 1.00
0.0000 0.1250 0.60 1.64 0.00000 . 00009 0.00000 .00000
0.000 0.06000
[} 00 [¢] 2 0 100 0000 1040

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

120.0 25.0 6000, ]

TABLE 3.1.2-4. EXAMPLE 1, METHOD 2, RUN 2 OUTPUT FILE
xxuxx%  DETAILED DAMAGE GROWT! ANALYSIS FROGEAM D A M G R 0 w¥xxx
EXAMPLE RUN NO. f SFECIMEN SUBJECTED TO CONSTANT AMFLITUDE LOADING SPECTRUM
* THIS ANALYSIS STARTS AT THE REGINNING OF THE STRESS SPECTRUM *

NOL. OF STTES TO RE ANALYZED CFACK GROWTH = 0, CRACK INITTATION = 2

CORMESFONDING DAMAGE CODES CrACK GROWTH = O; CRACK INJTTIATION - §040
LLOAD INTERACTION - NONE
MATERTAL 2024-T3  SHEET
WALKER EG. CONST. (&) Cow 0, 224E--08, M =0.700, N = 3.33%9
WALKER EQ. CONST. (~k) 0 = 0 421E-08, M =0,006, N 7,078

MAX. K FOR DCAON THREIHOLD - 2,000
RETARDATION SHUT-DFF RATIQ = 2,300

+ROCUT-QFF = 0,92700, ~ROCUT- R = =QL.9900
YIFLD STRENGTH 53000

ELASTIC MODULILS = O 1 070F 44
o, STRIESS FRA&CT . TOUGHNE! 144,00
P, STRAIN FRACT. TOUGHMESY = 36,00
DAMAGE TINDEX I'OR CRACK INTTIATION = 0. 892
NEURER MATERIAL CONIT, = 0,022
CRACK TNTTIATION 'R, CONRT. SF o= 10,426, M v 366
STRESS SEVERITY FACTOR PARAHETERS
ALFPHA = 11,0000, RETA = ;

"

GAMMA = 1.0000

SPECIFTED DAMAGE CONDITIONS -
INLTTAL CRACK LENGTH OF CRACK NOL { 0. 06000

FINAL CRACK LENGTIE OF CRACK NO. § ¢ 0., 00HH0
TNITIAL CRACK DEFTH OF CRACK NOL 0. 0NN
FIMAL CRACK DEPTH OF CRACK NO, 4 O 00000
FHTITIAL CRACK LENLTH OF CRACK NO. 2 [SaloTalals
FINAL CRACK LENGTH 0OF CRACK NOL 2 - GO0
FHTTTAL CRACK DEFTH OF CRACK NO. 2 O, 000048
I INAL CRACK DEFPTH OF CRACK NO, 2 O, OO0

FoRAMETERS FEOM PEEVTONS CRACL GROMTH HTSTORY
GUAQLY = O8O0 400 AFCOLY = 080400, FYANL Y = 980600, RYCOLE s 0060

AKOL A = LODGE +aD,  CEOLE = 0000 +00,  AN[T - 0] and COEE
AFAQLY = L000F A0, APCOLY = 000E+00, FYADL? = ONDFen0, RYPOLD = | Aanreng
AVOLD = La00F o6, (kM LOBOL 00, A Daa] tha L (IR L 000G A

FARAMETERS FEOM CREVIONS CEACKC INETTATION W15 0k,
DMCE = LWORF400, DHGOL | = (ool e Ga, BEEDGE S00F 6
DAEGD = JR2 D4 DHGOE L ook 09, BEL DG Y DnE T n

57
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TABLE 3.1.2-4. EXAMPLE 1, METHOD 2, RUN 2 OUTPUT FILE (CON'T.)

(
1)

COMFONENT GEOMETRY

THICKNESS OF PLATE 0. 1aRN"0
FADIUS OF MID. HOLE O, 12500
b RATIO OF PLATE 1INGTH TO HOLF DIAMETFR, C/D 97.QV59
(ol DISTANCE RETWETH MID. HOLE AMD K.H.S. EDGE @.0arann
- DISTANCE RETWEEN MID. HOLFE AND L H.S. EDGE - 1.443000
: FREACTTION OF LOAT TRANSFER RY MID. ROLT - [ 14TS TRYRIN D, 00000
‘> RADIUS OF THE R.H.S. HOLI 0. 405800
DISTANCE BETWFFMN MID. AND R.H,S, HOLFS - §.464000
FRACTION OF LNaD TRANSFEF HY 1+ . H.S. ROLT - 0.00000, B, 00000
RADIUS OF THE | .H.S. HOLE 0. 00000
DISTANCE BETWEEN MID. AND .. S. HOLFS (o INA TA VS YRT))
! FRACTTON OF 1.0AD TANSET R RY L.H. Y., BOLT [ TUATETI I Q.000060
3 PERCENTAGE OF CNHUNTERSINK DEFTH W.R.T THICKNESS 20.0
t STRESE CONCENTRATION DUE TO FIN DFFLECTTON §.00
oy FASTENI K HEAD OR COLLAR FRICTION STRESS O, 0600
FAYING SURFACE FRICTION STRERS O, DEaN
- STREES SFECTRUM
" NO. OF BLOCKS SPrCIFIED FOR ANALYSIS 00
-: TOTAL HO, OF CYCLFES IN ONE RLOCK 2000 0N
£ TOTAL NO, OF FLIGHTS IN OME RLOCK - §2¢.000
. NO. OF RBLOCKS IN ONE DFSIGN LIFETIME DELO00
" NO. OF FLIGHT HOURS IN ONE DEXSTGN LIFETIME 6000 . 100
N MAXIMUM FFAK STRESS OF T4 ; TRUM B8 i
NO. OF STRESS LAYERS IN ONE OCK @
-
&
™,
i [
<
3
BN
A L]
[ ]
* —
.
+
4
58
D
1
Y
, . R, :”b‘. ‘f -‘_ .".. ’ .’-‘, . .;._'- ) ~,.;'.\’."...‘_-. '.....~_..'_-.._.... ..‘ .“ .‘_ _»\. .‘, . ‘_.. ". .'. _..: .:.. ‘....'. ,‘.._‘. .o .-- _.. N _.. K _-. S o '..“ ~




o il ey 3

A

IS B R G Y

(SRR L N

ry

>
a «"

(I
LY

ol

“utNCNC RO

.
.'
“
o
{

TABLE 3.1.2-4.

STEFSS 1 AYFES TN (ONE

STE

RLOCK

0.0

i.0

CRAE
nye

2.0

RETARDTEON FaR

AFAML . OF #OO L APCOLS
AK 4 GOE 4O TR0
[ATRr=1R] PETOTRN NI AT BT DU} D
Sy OO nn vroar .
RETADAT LON PAL SRS AT I HE
TG t LD EO0 L DMGOYL
DHG2 LALSE GO DMGOL T

U L\

FoSleMa-Max
1 17.6000
(323212 D AM

(4

23}
0.000600
0.00000
0,00000
0.00000

INTTIATION T7OR

Cf o=

2

AZ
0.00000
(. 00000
G L0600
0L 00000

A G E

LA
=106 HO0, STE

THE
000000,

A TE T

RBILOCK
LGN MIN
(A1)

KMAX -4
KMAX -~
0.000
0,000
O, 006
0.000

TION 1
uz i,
0. 080
0,900

TERMTMATTION OF CRACK

QL OGNG,

-5 B

AT THE

EXAMPLE 1, METHOD 2,

CYCLES
1000, 0040

GROWT

KX -2
KHAX-~AD
0.000
0,000
., 000
NL000

QOCHRS
RLOCK
0000
Ao 1o 1¢c]

TEEMTMATION OF

LD 8]
CONGE 0
AL TSI NENS]
ORQE

PURMT O

N ST (TN

Ranienn

59

UERY

AR N S A W S TN A S
L AL N P A YN TR

RUN 2 OUTPUT FILE (CONCLUDED)

STEF

3

H HI

DCY/DF
DAY /D
JOOOE+O0
LSOO OO
LO0OF+D0
LODQE 4D

AT

= 3
COOBOE a0
LOQ0E ¢RD

o= 0

O, Ryan i
o, A0 A
9, RYnOL?
o, ST
TTO
L i
. LT

STLMA MAX

by

CRACK

(AR

17,000

T O mYy

DU /DF
DA SDF
LADO 00
L0000
L0001 00
L0 400

LOQN A0
L0 00

, A

NADE £
L OGO
LROAT TN

REATAINT AT S TN

IR A le]
[ATATAT S NATE]

SIGHA-MIT W

10700

LR RESE 2]

INTITTAY
KN
LAEOE 400

LAV 01
45 ¢4 SERAT)
LA E04

LADTEAOO
LAY 404

THITTATTON CAMFUTATION
OGO

QL 0000

YT §
ro
[T AT
NI

GRAWTH (OMPUTATION

PRETIATTON COMPF AT 4

eyers
§ OO0 B0

INITTA?
FHD
FHET 1)
LA DY
Al ran
LA O4

LALAET A0
AP IE 60

LN N
L TATEYRE R AT
YR

FEATATAHEN WATE]

e~ TR LT RS
I A :A :.l\..l...l,;}_:]...\ -}'; }‘. ‘Hj
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TABLE 3.1.2-5. EXAMPLE 1, METHOD 2, RUN 3 INPUT FILE

EXAMPLE RUN NO. § SPECIMEN SUBJECTED TO CONSTANT AMLITUDE LOADING SPECTRUM
2024-T3  SHEET

2.23746-09 0.70 3.3386 6.2126E-9 0.00 2.97683
116.00 36.0 53.0 2.0 2.3 0.99 -0.99
10.426 -~ 366 0.892 10700.0 0.022 1.000 1.0 1.0
9.0%0 8.180 0.0%0 0.188 . 0000 0.000 0.000 0.000

12.0000L14000.0000E+000.0000E+000.0000E+000.0000E+000.0000E+000.0000E+000. 0000E +00
0.000VE+000.0000E+000.0000E+000 . 000OE+000 . 0000E+000 . 0000E+000.0000E+000,0000E+00
0.4660E+000.0000E+000.0000E+000.0000E+000.0000E+000.0000E+00

0.188 0.1250 8.18 9.82 0.00000 00000 99.900 50. 1.00
0.0000 0.1250 0.00 1.64 0.00000 . 00000 0.00000 .00000
0.900 0.0000
o} 0o 1 § 0 100 1030 1050

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

120.0 25.0 6000, 1

TABLE 3.1.2-6. EXAMPLE 1, METHOD 2, RUN 3 OUTPUT FILE

#%xx%  DETAILED DAMAGE GROWTH ANALYSITS FROGRAM DAMGRO xxexx
EXAMPLE RUN NO. {1 SPECIMEN SURJECTED TO CONSTANT AMFLITUDE LOADING SPECTRUM

* THIS ANALYSIS STARTS AT THE BEGINNING OF THE STRESS SPECTRUM x

NO. OF SITES TO RE ANALYTED CRACK GROWTH = 1; CRACK INITIATION = §
CORKESFONDING DAMAGE CODES CHACK GROWTH = 1030, CRACK INITTATION = 10750
LOAD INTERACTION : NONE
MATERTIAL 2024-T3  FHEET

WALKER EQ. CONST. (+R) @ € = 0,224E-08, M =0,700, N =3.33%
WALKER FR. CONST. (~FY @ [ = 0.624E~-08, M =0.000, N =2.978
MAX. K FOR DC/DN THRESHOLD = 2.000

RETARDATTON SHUT-OFF FATIO = 2.300

+R CUT-0OFF = 60,9900, ~R CUT-OFF = ~0.9900

YIELD STRENGTH @ 53,000

ELASTIC MODULUS = Q.1070E+05

FL. STREXS FRACT. TOUGHNESS = 1164.00

Fl.. STRAIN FRACT. TOUGHNESS = 34.00

DAMAGE INDEX FOR CRAUK INITIATION = 0.892

NFHHER MATERIAL CONST. = 0,002

TNTTThTIﬂN ER, CONST. - SF = 10,426, M =~,3448

5 SEVERITY FACTOR FaRaM :
ALFHA = 1.0000, PETA = {. 0000 GAMMA = 1.,0000

SFECTFIED DAMAGE CONDITIONS

TNITTIAL CRACK LENGTH OF CRACK NO. 4 0.,05000
FINAL CRACK LENGTH OF CRACK NOL 1 a,102000
THTTTIAL CRACK DECTH OF CRACK NOL § G, 050N0
FIHAL CRACK DEFTH OF CRACK NO. Y N, 42500
TMITIAL CRACK LENGTH OF CRACK NO. 2 0, DGHO0
FINAL CERACK LENGTH OF CRACK pO, 2 (o AT AT
THTTTAL CRACK DEPTH OF CRACK N, 2 0. 000/H
FINAL CRACK DEFTH OF CRACK NO D N, 0GH00
POARFAMETERS FROM RS TN CR&CY llUNTh HITORY
AFAOL Y = LO00E+00, AFCOL4 : FOY AL FYONLE = JO00E ¢
AKQL Y = L NOOF+H0, KA AL COLt o L0000
AFADLZ = L0005 +0n, AFCOL2 - RYAODLS = L00C RYEALD w000
AKOL 2 = LO0OF +60O,  CENED = (OD01+ 00, ACGLDY = (W")F 0\'(' POLD s OODE e
FARAMFTERS FROM FREVIOUD CRACKY TNLTTATION HINTORY
DAL = L AALF 00, DIGAL 4 = O000F +00, DEEDGY = QODT 4 O0
PEGLD2 = (OOGE #00, DGO w cdDE PO, DELDGE o 0001 a0
60
- <o L WA, o, ~. AR - ‘,".‘ Sy
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TABLE 3.1.2-6. EXAMPLE 1, METHOD 2, RUN 3 OUTPUT FILE (CON'T.)

"
IS
1
(
COMIPONENT GEOMITRY
THICKNESE OF PLATE . IR R
RADTOS OF MID. HOLF - LI BANET
RATIO OF PLATE LENGTH TO HOLE DIAMETER, E/D - 9” Qaees
DISTANCE RETWEEN MID. HOLE &HND FLH.S. EDGE 1Hﬂﬁf
DISTANCE RETWEEN MID. HOLE AND IL.H.S. EDGE
FEACTIONN OF LOAD TEANSTER BY MID. ROLT NGO
FEADIUS OF THE R.H.S. HME - 0. 000N
DISTANCE RETWEFN MID., AND K. H.S. HOLES . 0. 00GON
FRACTINN OF LOAD TRANSFI'R #Y R.H.S. ROLT 0.00000, 0.00000
RADTUS OF THE [..H.$. HOLE - QL4 0B00
DISTANCE BETWEEN MID. AND L.H.S. HOLES : fLE4000
FRACTTON OF LO&D TRANSFER BY | L4 8L BOLT DL OBONG . 0,00000
PEFCENTAGE OF COUNTERSINK DEFTH W R.T THICKNESY 20,4
VT\ SEOCNHCENTRATION DUE TO FIN DEFLECTION §.00
STENER HEAD OF COLLAFR FRICTTON STRESS 0. 0H00
~— FAYING SURFACE TRICTION STRESS 0,000
STRESS SFECTRUM
N OF BLOCKS CCIFTED FOR ANALYSTS 100
T0TaL NOL. OF Y IN ONE BLOCK "0“0
FOTAL NOL OF FLTIGHTS IN ONE 3.00K
N, OF RLDCKS TH ONC DESIGN LIFETIME
NidL OF FLIGHT HOURS IN ONE DESTGH LIFETIME
MOXTHMUM FUAK ZTRESS OF THE JPECTRUM
NOL OF STRESS LAYERS IN ONE RLOCK °
»
—

61
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TABLE 3.1.2-6.

STRESS LAYERS IN ONE BLOCK

STEF SIGMA-MAX  SIGMA-MIN CYCLES STEF SIGMA-MAX

i 17.000 §.700 1000.000 2 17.000

LR AR L DaAaMAGE GROWTH HI STORY
RLOCK CH c2 KMAX-C{  KMAX-CZ DC1/DF DC2/DF
A A2 KMAX-A1  KMAX-AZ DAS/DF DA2/DF
0.0 0.65000 0.66000 19.898 G000 (QOOE+O0 L 000I+00
0.05000 0,00000 24,939 0,000 .000E+00 .000EO0

STABLE RREAK--THROUGH OF
Ccyr = 157.0,

CRACK NO.
STEF = 2,

CRACK DEFTH IS SET EQUAL TO FLATE
1.0 0.33032 0.00000 34,706
0.18800 0.00000 1,000

CRACK INITIATION FOR LOCATION

CYC =1000.000, STEP = 1,
2.0 0.,96141  0.00000 39.187
0.18800 0.00000 0.000
CRAVK LENGTHS AT THE TERMINAT
Ci = 1.36451, AT = 0.
RETHRDTION FARAMETERS AT THE
AIADLY = LO00E+00, ArCOLA
AKOLY = L000E+00, KO
APADL2 = LO00E+00, AFCOL2
ANOLD = J0ODE+OO, (CKOL2 =
KETAFDATION FARAME TERS AT THE
DMGY = .AP0E+00, DMGOLA

DMG2 = LO0OE+D0, DHGOLD

T e el e At S 08 LAY,

= Q00 v OO,

i GCCURS AT

RBLOCK = i, CRACK DEMTH
THICKNFSS 0.1880 TINCHES
0.0006  L234E-02 L0007 +00
0.000 115002 L O00E+00

OCCURS AT
FLOCK = 3

0.600 [SQ6E-Q2 .000FE+00
0,000 000L+00  LO00DE+0O0
ION OF CRACK

§ 8800, 2 =

0.00009,

TERMINATION OF

LOGHBE OO, RYAOLA LOOOE 00,
LOONEED0, il g
LOCDERDO, RYANLD
LOUOE 0N, A2

TEFMINATION OF €
DELOGY
DEI DGR

S 000K LY

LOODE 00, © L BOBT 400

62

t Bebo By R R E WP St

A =

CR MR IR L I

SIGMA-MIN

1.700

LA 22323

INITTAY
Kid{

BA46FE 100

LAPTE YOS

- 0.189%4

L 744E +00
T ORAOR |

-BPOE+O0
JEGTEAOS

INITIATION COMFUTATION

0.00000

CRACK GROWTH COMFUTATION
+ RYCOLY =

CoLg

RYCDLD =

o2

EXAMPLE 1, METHOD 2, RUN 3 OUTPUT FILE (CONCLUDED)

CYCLES
1000, 000

INTTIAL

KNZ2
. OOOF +00
L OOOE +00

NODE 409
L 000E+0Q0

.00+
00D 60

LOAOE O
Q0N 00
LOON 40N
LORD 00

NIN S |”fT]51TﬁN COMPUTAT

" e WA




TABLE 3.1.2-7.

EXAMPLE 1, METHOD 2, RUN 4 INPUT FILE

EYAMI'LE RUN NO. 1 SPECIMEN SUBRJECTED TO CONSTANT AMLITUDE LOADING SPECTRUM

JO24-T3  SHEET
2.23/4E--09 0.70 3.3386 6.2126E-9 0.00 2.9783
116.00 $6.0 53.0 2.9 2.3 0.99 -0.99
10.424 -, 366 C.892 10700.0 0.022 1.000 1.0 1.0
1.3644 8.180 0.188 0.188 L0500 8.180 0.050 0.148

9.0000L +000.0000E+000,0000E+000.0000E+000.0000E+000.0000E+000.0000E+000.0000E+00
0., 0000F +000.0009E+ 000, 0000E +100 . VVVIOE +000, OVIOL+00u . 00OVE+0V0. 0QOVE+0V0 . BOOJE+00
0.0000E+000.0000E+000.0000E+000.0000E+0600.0000E +000.0000E+00

0.188  0.1250 3.14 9.82  0.00000 .00000  99.900 50. 1.00
0.0000  0.1250 0.00 1.64  0.00000 .00000  0.00000  .00000
0.060 0.0000
0 00 2 8 0 100 1050 6000
0.000 0.960 0.000 0.000 0.000 0.000 0.000 0.000

) 1200 2.0 6000, )

\ TABLE 3.1.2-8. EXAMPLE 1, METHOD 2, RUN 4 OUTPUT FILE

1|
*xwux DETAILED DAMAGE GROWTH ANALYSIS FROGRAM DAMGRO %xx

EXAMFLE RUN NO. ¢ SPECIMEN

* %

SURJECTED TO CONSTANT AMFLITUDE LOADING SFECTRUM

won

#

R * THIS ANALYSIS STARTS AT THE BEGINNING OF THE STRESS SFECTRUM «
NO. OF SITES TO RE ANALYZED CRACK GROWTH = 2; CRACK INITIATION
CORRESFONDING DAMAGE CODES CRACK GROWTH = 10350; CRACK INITIATION
LOAD INTERACTION NONE
MATERTIAL 2024-T3 SHEET
WALKER EQ. CONST. (4R) C = 0.224E-08, M =0.700, N =3.339
WALKER EQ. CONST. (-R) @ € = 0.521E£-08, M =0.000, N =2.978
MAX., K FOR DC/DN THRESHOLD = 2,000
RETARDATION SHUT-OFF RATIO = 2,370
+R CUT-0FF = 0,9900, ~R CUT-OFF = -0.9900
YIELD STRENGTH 53.000
ELASTIC MODULUS = 0.1070E+0S5 .
Fl.. STRESS FRACT. TOUGHNESS = 116.00
FL.. STRAIN FRACT. TOUGHNESS = 34.00
DAMAGE INDEX FOR CRACK INITIATION = 0.892
NEURER MATERIAL CONST. = 0.022
CRACK INITIATION EQ. CONST. : SF = 10.426, M =-.3464
STRESS SEVERITY FACTOR FARAMETERS -
ALFHA = 11,0000, BETA = 1,0000, GAMMA = 1.0000
SHECIFTED DAMAGE CONDITIONS
INTTIAL CRACK LENGTH OF CRACK NO. ¢ 1.36400
FINAL CRACK LENGTH OF CRACK NO. 1 8.18000
INTTIAL CRACK DEFTH OF CRACK NO. 1 0.48800
FINAL CRACK DEFTH OF CRACK NO. {1 - 0. 18800
INTTTAL CRACK LENGTH OF CRACK NO, 2 0.05000
FINAL CRACK LENGTH OF CRACK NO. 2 : 8.18000
INTTIAL CRACK DEFTH OF CRACK NO. 2 0.05000
FINAL CRACK DEFTH OF CRACK NO. 2 : 0.18800
FARAMETERS FROM PRFVIOUS CRACK ROWTH HISTORY .
AFAOLY = ,000E+00, AFCOLY = ,000E+00, RYAOLY = [000C+00, RYCOLY
AKOLY = .0001+00, CKOLY = ,000E+09, ACL 1 LOUNE 400, cory
AFAOL2 = LO000E400, AFCOLY = .000E+00, RYAOL2 -~ .000E+0N, RYCOL2
AKOL2 = .000F+00, CKM.? = ,000E+00, ANLY LON00+00, coLa =
FARAMETERS FROM FREVIOUS CRACK TNITIATION HISTORY
PDHGE = J000E+N0, DMGOLY =, 000E+0G,  DFIDLE =000 400
DHG 2 LOOO 400, DMGOLY =,0001 400,  DEIDGES = 000 #90
63
T T e e L e et e et o

L000F +00
Q001 100
L0001 + 00
L000F +00




TABLE 3.1.2-8. EXAMPLE 1, METHOD 2, RUN 4 OUTPUT FILE (CON'T.)

COMPONENT GEOMETRY :
THICKNESS OF FLATE :
RADIVUS OF MID. HOLE

RATIO OF FLATE LENGTH
DISTANCE BETWEEN MID.

TO HOLE DIAMETER, E/D :
HOLE AND R.H.S. EDGE :

DISTANCE ERETWEEN MID. HOLE AND L.H.S.

FRACTION DF LOAD TRANSFER
RADIUS OF THE R.H.S. HOLE
DISTANCE BETWEEN MTD. AND
FRACTION OF LOAD TRANSFER
RADIUS OF THE L.H.S. HOLE
DISTANCE BETWEEN MID. AND
FRACTION 0OF LOAD TRANSFER
FERCENTAGE OF COUNTERSINK

EDGE
RY MID. BOLY

R.H.S. HOLES :
BY R.H.S. ROLT

L.H.S. HOLES
RY L.H.S. ROLT :
DEFTH W.R.T THICKNESS

STRESS CONCENTRATION DUE TO FIN DEFLECTION

STRESS

FASTENER HEAD OR

COLLAR FRICTION

FAYING SURFACE FRICTION STRESS

-~ STRESS SFECTRUM
NO. OF BLOCKS
TOTAL NO. OF

SPECIFIED FOR ANALYSIS
CYCLES IN ONE ERLOCK

TOTAL NO.

OF FLIGHTS IN ONE RLOCK

o R PRI

NO. OF BLOCKS IN ONE DESIGN LIFETIME

NO. OF FLIGHT HOURS IN ONE DESIGN LIFETIME
THE SFECTRUM

RLOCK

MAY IMUM FIZAK STRESS OF
NO. OF STRESS LAYERS

IN ONE

0.18800
0.12500

99.89999
8.18000
9.82000
0.00000,
0.00000
0.00000
0.00000,
0.12500
1.64000
0.00000,

20.0
1.00
0.0000
0.0000

0.00000
0.00000

0.00000

100
2000.000
120.000
25.000
6000.000
§7.000

3

<
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TABLE 3.1.2-8. EXAMPLE 1, METHOD 2, RUN 4 OUTPUT FILE (CONCLUDED)

e g
L 4
STRESS LAYERS IN ONE BLOCK :
- STEP SIGMA-MAX SIGMA-MIN CYCLES STEP SIGMA-MAX SIGMA-MIN CYCLLS
1 §7.000 1.700 1000.000 2 17.000 1.700 1000,0¢0
UNSTARLE BREAK-THROUGH OF CRACK NO. 2 OCCURS AT :
CYC = 0.0, STEF = 4, BLOCK = §, DEPTH = 0.05000, AKMAXS= 37.79
62369 ¥ DAMAGE GROWTMH HI STORY 39336
BLOCK C1 c2 KMAX~-C1  KHMAX-C2 DCi/DF pCa/nF INITIAS INITIA2
[-}] A2 KMAX~-A1  KMAX-A2 DAT/DF DA2/DF KN4 KN2
0.0 1.346400 0.05000 41.432 30.194 .000E+00 .000E+00 .000E+00 .O009E+00
0.18800 0.05000 0,000 37,792 .000E+00 .000E+00 ,000E+00 .000E+00
1.0 2.61890 §.23327 546.095 56.847 L(105E~-0t .984E-02 _[0Q00E+Q0 .00uF+0Q0
0.18800 0.18800 0.000 0.000 .000E+00 ,145E-02 .000E+00 ,000E+00
"

UNSTABRLE GROWTH OF CRACK NO. 1 (OCCURS AT:

CYyC = 15.0, STEP = 2, BLOCK = 2, CRACK LENGTH
THE OTHER CRACK LENGTH = 3.18957
TERMINATE DAMAGE COMPUTATION

4.57208, CKMAXS=116.06

UNSTARLE GROWTH OF CRACK NO. 2 OCCURS AT:

CYC = 4,0, STEP = 2, BLOCK = 2, CRACK LENGTH
THE OTHER CRACK LENGTH = 4.57208 .
TERMINATE DAMAGE COMFUTATION

3.25368, CKMAXS=117.03

RETARDTION PARAMETERS AT THE TERMINATION OF CRACK GROWTH COMFUTATION
LOO0E+CO

AFADLLY = ,000E+00, AFCOLY CNOOE+00, RYADLS = L000E+00, RYCOLY =
AKDOLY = ,000E+00, CKOLA SOAODE+OQ0, ADLY = ,000E+00, COLY = L0001 +00
AFADL2 = .000E+00, AFCOL?2 LODOEH00, RYAOL2 = (000E+00, RYCOL2 = .0000I+00

AKOL2 = ,000E+00, CKOL2
RETARDATION FARAMETIERS AT TH
DMGY = .000E+00, DMGOL Y
DMG2 = ,000E+OO, DMGOLD

LHOOE+OO, AOL2
TERMINATION OF CR
=,000E+00, DELDGY
LOO0E+O0,  DELDGY

L000E+00, CoL2 = ,000L +00
CK INITIATION COMFPUTATION
LO00E +00
LODOE+ON

LLI I I

i 4 D8

il
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EXAMPLE 2: SKIN SECTION SUBJECTED TO RANDOMIZED LOADING SPECTRUM

.25 DIA
Vi CSK HOLE

\

GEOMETRY: // AN

l 1 'L AM“ . /"—4\ 3 { ; PR

; S IMITIAL T .

FLAW | |
| .1se

o 8.180 - |.640 - 8.180 —

MATERIAL:

2024-T3 SHEET
LOADING SPECTRUM:
RANDOMIZED BLOCK LOADING
O pax = 35.75 KSI

REF. PAGES 67 THROUGH 90

66
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TABLE 3.2.1.

EXAMPLE 2, METHOD 1 SUMMARY TABLE

REF. PAGES 68 THROUGH 76

V.
/
az ,/a1 | a3 _
i = v (& —==2))) —=)) 3 =
a n

al a2 as3i LIFE (BLOCK, ROUTINE RUN
(IN) (IN) (IN) LAYER, CYCLES) GROWTH NO.
.050 0 .005 0 K1010 1
.065 0 .005 1, 0,0 K1010 1
.09 0 .005 2, 0,0 K1010 1
.126 0 .005 3, 0,0 K1010 1
.164 0 .005 4, 0, 0 K1010 1
.208 0 .005 5, 0,0 K1010 1
.258 0 .005 6, 0,0 K1010 1
.316 0 .005 17, 0,0 K1010 1
.384 0 .005 g8, 0,0 K1010 1
.466 0 .005% 9, 0,0 K1010 1
.566 0 .005 10, 0, 0 K1010 1
.693 0 .005 1, 0,0 K1010 1
.859 0 .005 12, 0,0 K1010 1
1.094 0 .005 13, 0, 0 K1010 1
1.39 0 .023 13,119,32 K1010 1

0 .622 14, 0 ,32 K1030 2

0 2.16 15, 0 ,32 K1030 2

0 3.6507 15, 98,38 K1030 2

NO. OF CYCLES TO FAILURE = 111,955 CYCLES

67
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TABLE 3.2.1-1. EXAMPLE 2, METHOD 1, RUN 1 INPUT FILE

EXAMPLE RUN NO. 2 SFECIMEN SUBJECTED TO RANDOMIZED LOADING SFECTRUM
2024- T3 SHEET
2.2374E--09 0.70 3.3386 6.2126E-9 0.00 2.9783

116.00 36.0 53.0 2.0 2.3 0.99 -0.99
10.426 -.366 ©.867 10700.0 0.022 1.000 1.0 1.0
0.050 1.390 0.050 0.188 0000 0.000 0.000 6.060

0. DUO0E +000 . 0000E +00u , 6OBCE +000 . GOOOE +000 . 0800E +000 . 000OE +000 . 0000 +000 . 000OE +06
0. GO0V +000 . 60OOE +000 . 0000E +600 . HOOIE+000 . 00O0E +@00 . DOOOE +004 . 0000E +000 . 0000E +01
0.0000E +000 . GVOOE+000 . 00O0E +000 . Q000K +600 . 00VOE +000 . O0VOE +00

0.188  0.1250 9.42 8.18  0.00000 .00000  99.990 50. 1.60

0.1250  0.0000 1.64 0.00  §.00000 .00000  ©0.00000 .00000

©.000 0.0090 . .

o 00 1 ) 1 100 1010 0000

0.000 0.000 0.000 0.000 ©.000 0.000 0.000 0.000
120.0 25.9 6000, 1

TABLE 3.2.1-2. EXAMPLE 2, METHOD 1, RUN 1 OUTPUT FILE

xxxxx DETAILED DAMAGE GROWTH ANALYSIS PROGRAM DAMGRO #exnx
"EXAMFILE RUN NO. 2 SFECIMEN SURJECTED TO RANDOMIZED LOADING SFECTRUM
# THIS ANALYSIS STARTS AT THE RBEGINNING OF THE STRESS SFECTRUM %

NO. OF SITES TO RE ANALYZED : CRACK GROWTH = §; CRACK INITIATION = 0
CORRESFONDING DAMAGE CODES : CRACK GROWTH = 1010; CRACK INITIATION = 1]
LOAD INTERACTION : GENERALIZED WILLENHKORG ET AL --CHANG MODEL
MATERIAL 2024-T3 SHEET
WALKER EQ. CONST. (+R) : C = 0.224E-08, M =0.700, N =3.339
WALKER EQR. CONST. (~R) @ C = 0.621E-08, M =0.000, N =2.978

MAX. K FOR DC/DN THRESHOLD = 2.000
RETARDATION SHUT-OFF RATIO = 2.300
+R CUT-OFF = 0.9900, -k CUT-OFF = -0.9900
YIELD STRENGTH : 53.000
ELASTIC MODULUS = 0.1070E+05
Fl.. STRESS FRACT. TOUGHNESS = 1146.00
FL.. STRAIN FRACT. TOUGHNESS = 36.00
DAMAGE INDEX FOR CRACK TNITIATION = 0.887
NEUBER MATERIAL CONST. = 0,022
CRACK INITIATION EG. CONST. : SF = 10.426, M =-.366
STRESS SEVERITY FACTOR FARAMETERS
ALFHA = {.0000, BETA = 1.0000, GAMMA = {1.0000

SFECIFIED DAMAGE CONDITIONS

INITIAL CRACK LENGTH OF CRACK NO. § - 0.035000
FINAL CRACK LENGTH OF CRACK NO. {1 1.39000
INITIALL CRACK DEFTH OF CRACK NO. § - 0.05000
FINAL CRACK DEFTH OF CRACK NO. 1 0.18800
INITIAL CRACK LENGTH OF CRACK NO., 2 : 0.00000
FINAL CRACK LENGTH OF CRACK NO. 2 : 0.00000
INITIAL CRACK DEFTH OF CRACK NO. 2 : 0,.00000
FINAL CRACK DEPTH OF CRACK NO. 2 : 0.00000

PARAMETERS FROM FREVIOUS CRACK GROWTH HISTORY
APAOLY = L000E+0D, AFCOLY = .000E+00, RYAOLS
AKNLY = ,000E+400, CKOLY = ,0M0E+00, AUL 1

]

L000E+00, RYCOLA L0000+00
LO00E4 00, COLY = .000E+00

[

APADL2 = LO00E+00, AFCOL2 = ,000KH+00, RYAOLD2 = .000E+00, RYCOL2 = ,000f+00
AKNLD = [000E+00, CKOL2 = .00017+00, ANLDY = L000E+Q0, COL2 = .000L+00
PARAMETERS FROM FREVIOUS CRACK INITIATION HISTORY -
DMGY = ,000E+00, DMGULY =.000E+00, DELDGI =, 000E+00
DMG2 = .000E+00, DMGOL2 =,000E+00, DELDGD =,000E+00

68
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TABLE 3.2.1-2. EXAMPLE 2, METHOD 1, RUN 1 OUTPUT FILE (CON'T.)

—
p
v
X
; COMFONENT GEOMETRY :
: THICKNESS OF PLATE : 4.18800
\ RADIUS OF MID. HOLE 0.12500
a RATID OF FLATE lENGTH TO HOLE DIAMETER, E/D : 77.89999
DISTANCE BETWEEN MID. HOLE AND R.H.S. EDGE : ?.82000
DISTANCE BETWEEN MID. HOLE AND L.H.S. EDGE : 8.18000
FRACTION OF LOAD TRANSFER RY MID. BOLT : 0.00000, 0.00000
RADIUS OF THE R.H.S. HOLE : 0.12500
DISTANCE BETWEEN MID. AND R.H.S§. HOLES : 1.64000
. FRACTION OF LOAD TRANSFER BY R.H.S. BOLT : 0.00000, 0.00000
¢ RADIUS OF THE L.H.S. HOLE : 0.00000
¢ DISTANCE RETWEEN MID. AND L.H.S. HOLES : 0.00000
J FRACTION OF LOAD TRANSFER BY L.H.S. BOLT : 0.00000, 0.00000
FERCENTAGE OF COUNTERSINK DEFTH W.R.T THICKNESS : 50.0
A STRESS CONCENTRATION DUE TO FIN DEFLECTION : .60
- FASTENER HEAD OR COLLAR FRICTION STRESS : 0.0000
3 FAYING SURFACE FRICTION STRESS : 0. 0000
STRESS SFECTRUM :
NO. OF BLOCKS SFECIFIED FOR ANALYSIS 100
TOTAL NO. OF CYCLES IN ONE RLOCK : 7416.500
had TOTAL NO. OF FLIGHTS IN ONE BLOCK : 120.000
NO. OF KLOCKS IN ONE DESIGN LIFETIME : 25.000
NO. OF FLIGHT HOURS IN ONE DLSIGN LIFETIME : 6000.000
MAXIMUM FEAK STRESS OF THE SFECTRUM : 35.750
NO. OF STRESS LAYERS IN ONE BLOCK 204
»
{
|
|
69
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TABLE 3.2.1-2. EXAMPLE 2, METHOD 1, RUN 1 OUTPUT FILE (CON'T.)

N
STRESS LAYERS IN ONE KLOCK
STEF SIGCMA-MAX SIGMA-MIN CYCLES STEF SIGMA-MAX SIGHMA-MIN Croa.
1 23,609 -23.50% 1.000 2 35.750 -23.244 4 O
3 16.447 ~-2.462 1.000 4 32,489 ~3.217 .00y
5 3%.750 -3.579 1.000 6 23,595 ~y.379 $ .00
7 27.888 =1.396 1.000 8 30,030 ~-1.500 1.00¢
? 33.609 ~1.676 4,000 10 35.750 ~-1.790 2.0606u v
19 28.602 0.000 4,000 12 29.3146 0.000 §.000
13 30.030 ©.000 3.000 14 32,981 Q.00 12.000
15 33.609 0.000 ?.000 16 35.759 0.000 f.500
17 16,447 9,897 2.500 18 17.161 0.85y 2,600 -
19 17.6875 0.889 5.000 20 18.589 0.934 3.000
219 19.313 0.962 1.060 22 20.027 §.004 LIRS
23 20,740 1.035 1.000 24 21.454 1.076 6.000
28 22,168 $1.107 2,000 26 22.882 1.14R §.00
27 23.59% 1.479 11.000 28 25.747 1.283 [ SI ]
29 26,469 §1.324 6.000 30 27.475% §.35% L Gin
34 28.602 1.427 4,009 32 29.316 1.46% S
33 30.030 1.500 2.000 34 31.467 1.572 .00
35 32.184 1.644 18,000 36 33.609 f.67a 19,00
77 35,756 §.790 0.500 3 . 10.727 V.07 .00
K3 13.582 1.355 2,000 40 14,3946 1.427 VLGl
49 21.454 2,149 12,000 42 22.168 2.214 4.00¢
43 22.882 2.286 9.000 44 23.59% 2.358 21.00¢
4= 24,309 2.439 4,000 446 25.033 2.503 LOCD
47 25.747 2.576 18.000 48 26.461 2.648 7,600
49 27.4975 2.7214 4.000 50 27.84a 2.793 §.000
F1 28,602 2.865 24,500 52 29.3446 2.928 &, 006
53 30.030 Z.000 32.000 S4 31.467 J.14% 2,000
! 5 32.181 3.247 3.000 56 33,609 3.362 §1.000
~— 57 14,3064 2,444 1.000 58 16.447 2.462 10 D00
59 17.164 2.876 4,000 60 17.875% 2.67% N
’ A9 19,343 2.8946 4,000 62 20,07 3,000
3 63 20,740 2,443 5.000 64 21.454 3.7
<&, 65 22.168 3.320 4.000 b6 22,882 3.434
< 67 23.59% 3.536 18.009 68 24.309 3,652
‘} 69 25.033 3,755 2.000 76 25.747 3.854
; 71 26,461 3.972 10.000 72 27.475 4.07%
73 J7.8e8 4,179 1.000 74 28.602 4,293
5 29.31¢6 4.396 1.000 76 30.03u 4,510
77 313.409 5%.038 1.000 78 5.7720 f.149
79 7.148 1.427 1.000 &o 12,668 2.5764
81 13.582 2.721% 2.000 82 14.304 SL8s
82 15.020 3,000 2.000 84 17.875 3.57¢9 12,000
85 18.589 3.714 8.000 86 19,342 3.85H &L OO
87 20,027 4,003 22.000 88 20,740 4,145 §7.00M
89 21.454 4,293 58.000 ?0 22,144 4,438 24 0
91 22.882 4.572 11.000 Q2 23.595 4,717 38.000
93 24.309 4,862 6.000 ?4 25.033 5.007 5.00
S 25.747 5.452 28.000 ?é 28.602 5.720 2u. 00
97 29.316 5.865 4,000 P 30.030 6.010 QL0 *
99 32.184 6.434 10.000 §00 33.4609 6.724 §.000
101 10.727 2.679 2.000 102 12,135 3,044 2J.000
103 12.868 3.247 2.000 104 13.582 3,393 1.000
105 14,306 3.579 2.000 106 15.020 3.755 X, 000 *
107 16.447 4,107 8.500 108 17.1614 4,293 SPL000
109 17.875 4.469 134.000 110 18.589 4,645 6. 00
191 7 19.343 4,839 13.000 112 20,027 5.007 $44.,00
113 29.454 5.358 }.000 114 22,168 5.544 J. .00
145 22,882 5.720 1.000 116 23.595 5.896 89,00
70
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o TABLE 3.2.1-2. EXAMPLE 2, METHOD 1, RUN 1 OUTPUT FILE (CON'T.)
) -
t
-
]
i STRESS LAYERS IN ONE KLOCK
" STEF SIGMA-MAX SIGMA-MIN  CYCLES STEF SIGMA-MAX SIGMA-MIN.  (1(i!
A 147 24,309 6.083  20.000 i18 35.033 6.258 2,000
'. 119 25.747 6.434  61.000 120 26.461 6.610  17.000
Y 124 27.175 6.796 12.000 122 28.602 7. 148 5. 00
- 123 30.020 7.510 3.000 124 4,293 1.263 1,000
. 125 5.007 1.500 2.000 126 12.155 3,40 4,00
. 127 12.868 2.858 5,000 128 13.50% 4.07% 3L,
x 129 15.020 4.510 23.000 130 15.734 4,707 47
134 16.447 4.934 111.000 132 17.464 S48 4, i
123 i17.87% 5.358 §.000 134 18,5 5.57¢ b
N 135 19.313 5.793 1.000 136 20.027 6.010 209.00%
. 137 ° 20.740 6.217  43.000 138 29.454 6.4%a 4§12 fo
8 139 22.168 6.6514 13.000 140 22.882 6.86%  Z
- 141 24.309 7.293 5.000 142 11.44 4,003 7.
N 143 12,455 4,254 49,000 144 12.866 4.510 &.00n
145 $13.582 4.758 10.000 146 14,306 SL007 0 25H, 00
147 15.020 5.255 3.000 148 16.447 5.751 14,000
549 17.464 6.010 8.000 156 17.87% 6.0%8 400,030
L 154 i8.589 6.506 1.000 152 19.343 6.755  6%5.000
M 152 20.740 7.262 11.000 154 7.862 2,145 1,000
) 155 10.727 4.293 94,000 156 12.155 4.862 160000
¥ 157 12.868 5.152 434,000 158 13,582 5,434 19, 0w
s 159 14,306 5.720 1.000 160 15.020 6.010 19,000
= 164 15.734 6.289 2.000 162 16.447 6.579 494.000
S 163 17.164 6.869 92.000 164 18.589 7.437 4.000
F 165 19.343 7.727 19.000 166 6.434 2.896 2.006¢
[ 167 7.1486 3.297  19.000 168 ?.300 4.97% 230,000
[a 169 10.727 4.831 534.000 170 12.155% 5.472 1.00¢
> 1714 12.868 5.793 54,000 172 13.5062 6.114 5.000
) 173 14,306 6.434  716.000 174 15.020 6.75% 130,000
Y 175 16.447 7.3%96  11.000 176 17.164 7.727  36.06G
17 7.862 3.934 8.000 178 11.4414 5.720 5.00u
" 179 i2.155 6.083  31.000 180 12.868 6.434 363,000
. 181 13.582 6.796 93,000 182 15.020 TS0 63,000
J 183 7.862 4.324 3.000 164 10.727 5.896 37,000
N 185 12,155 6.682 278.000 186 12,860 7.07G 40000
3 187 13.582 7.469  38.000 188 7.148 4.293 KONTTR
3 189 11.444 &.869 1.000 190 7.148 4,645 7.000
. 1914 7.862 5.110  67.000 192 &.4324 4.510 2.0
193 7.148 5.007 2§2.500 194 5.720 4,292 2.0
. 195 7.862 5.896 1.000 196 5.007 4,254 1.000
3 197 5.720 4,862 1.000 198 7.148 6.083  17.000
, 199 7.862 6.682 293,000 200 7.148 6.434 7.000
2 2014 5.007 4,758 22,000 202 6.434 6.114 4,000
h 203 7.148 6.796  52.000 204 7.862 7.46% 2,000
‘wi]
’l
" -
L _
Si
1
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TABLE 3.2.1-2. EXAMPLE 2, METHOC 1, RUN 1 OUTPUT FILE (CON'T.)

3038 3¢ 3 3 % DAMALGE GROWTH HTI $STORY 2R3 2]

RLOCK C1 c2 KMAX-CY  KMAX-C2 DCY /DF DC2/DF INITIAY INITIAD
A A2 KMAX-AT  KNAX-AD DAY /DF DA /DF KiNY KND

0.9 0.05000 0.00000 20.192 0.000 .000E+00 .000K+00 .000E+00 .000E+00
0.05000 0.00000 25.306 0.000 .O00C+00 .Q09E+00 .000E+00 .000E+00

1.0 0.06587 0.00000 24.246 0.000 L132E-03 L.000E+00 .000E+00 .000E+00
0.08191 0.00000 27.526 D000 [ 266E-03 .000E+00 .000E+00 .000E+00

2.0 0.09110 0.00000 27.624 0.000 .290E~-03 .000E+00 .000E+00 .000E+00
0.12312 0.060000 29.527 0.000 L(3A3E-03  L000E+00  [000E400 .000E+00

3.0 0.12659 0.00000 28.050 0.000 .296E-03 .000E4+00 ,000E+00 ,0Q00E+00
0.17473 0.00000 28.167 0.000 .40%E-03 .000E+00 .000E+00 .00HOE+00

STARLE BREAK--THROUGH OF CRACK NO. 1 OCCURS AT
cyc= 1.0, STEF = 77, RLOCK = 4, CRACK DEFTH = 0.18808
CRACK DEFTH IS SET EQUAL TO FLATE THICKNESS 0.1880 INCHES

4.0 0.16422 0.00000 30.549 0.000 ,314E-03 .000E+00 .000E+00 .000E+00
0.18800 0.00000 0.000 0.000 136E-03  ,0000+00 .000E+00 ,000E+00
5.0 0.20819 0.00000 31.702 0.000 .366E-03 .Q00E+00 [OQ00E+00 ,000FE+00
0.18800 0.00000 0.000 0.000 .000E+00 ,O000E+00 ,[0COE+00 ,000F+00
6.0 0.25813 0.00000 33.030 0.000 .A416E-03 .000E+00 ,000E+0D ,000E+00
0.18800 0.00000 0.000 0,000 L000E+Q0 .000E+00 ,0O0E+00 .000E+00
7.9 0.31610 0.00000 34.575 0.000 LA83E-03 .(000F+00 [0O0E+0Q .000E+00
0.18800 0.00000 0.000 0.600 L000E+00 ,[000E+00 ,000E+00 .000L+00
8.0 0.38452 0.00000 36.379 0.000 [S570E-03 L.OO00E+0G  ,O0N0E+Q0  .00O0E+Q0
0.18800 0.00000 0,000 Q0,000 .000E400 .NOAE+Q0 ,O00E4+006 ,000E+00
9.0 0.466%1 0.00000 33.493 L0000 LAB3E-03  L000E+400  LO00E+NO L 00OF+00
0.18800 0.00000 0.000 L0000  L000E+9D  LO000E+00  ,GOOE+00 000 +00
10.0 0.56608 0.00000 40.982 L0000 L830E-03  LO00E+Q0 L 0N0C+H0 L0000 +00
0.18800 0,00000 0.000 L0000 LHO0EFO0 L a0RE+00 L OO0 00 L 000F +00
11.0 0.69343 0.00000 44,054 L0000 L106E~02  L00DE400 L0000 +00  .O00F +00
0.18000 6.00000 0,000 L0000 L000E+00 . ODOE+00 L Q00E+00 L Q00[ +00
12.0 0.85973  0.00000 47,9465 L0000 JA3RE-02 L0000 +00 LON0F400  (O00E+00
0.183800  0.00006 0,000 L0000 LO00E40C  _o00f vO0 L 00DE+00 L 000L 00
13.0 1.09410 0.00000 53.584 L0000 J195E-02  LOONE400 L O00F+00 000 400
0.18800 0.00000 0,000 L0009 L000EO0 L O00F+00  LQ00E+O0 L 0OOF 400
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TABLE 3.2.1-2. EXAMPLE 2, METHOD 1, RUN 1 OUTPUT FILE (CONCLUDED)

UNSTARLE GROWTH OF CRACK NO. § OCCURS AT:

Cyc = 32,0, STEF =149, ERLOCK = 14,
THE OTHER CRACK LENGTH = 0.00000
TERMINATE DAMAGE COMHUTATION

CRACK LENGTH = {1.38295,

RETARDTION PARAMETERS AT THE TERMINATION OF CRACK GROWTH COMPUTATION

CKMAXS=117.96

APADLY = .202E+00, AFCOL1 = .(16AE+0Y, RYANLY = [$37E-01, RYCOLT = .295C+00
AKDL Y = [269E+02, CKOL{Y = .722E+02, ALY = .183E+00, COLY = .137K+09
AFADL2 = L000E+00, AFCOL? = ,000E+00, RYAOL2 = ,000E+0C, RYCOL2 = ,000L+00
AKOL2 = [000E+00, CKOL2? = .000E+00, AQLY = .000F+00, coL2 = L000E+00
RETARDATION FARAMETERS AT THE TERMINATION OF CRACK INITIATION COMFUTATION
DHMGY = [000E+00, DMGOLY =.000E+00, DELDGY =.000E+00
DMG2 = .000E+00, DMGOL2 =.000E+00, DELDGD =.000E+00
13
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TABLE 3.2.1-3. EXAMPLE 2, METHOD 1, RUN 2 INPUT FILE

Pl E B (0, 2 e 8 SUILCTED TO RANDOMITZE B LUaD ENG SFECTRDM
Sl 18 VHLE

Y2340 09 D00 3.33486 o.21261 9 0.00 2.9703
116.00 36.0 55.0 2.0 2.3 0.99 -0.929
10.426 -.366 ¢.887 190700.0 0.022 1.000 1.0 1.0
0.250 8.180 0.188 0.183 L0000 0.900 9.000 0.090

DL IFEOE 00 . 2BV0E ¢000 . 1 080E-010.5260E-010.2390E+020.3050F+020.,18B0OE+000.2340E+00
0.0000E+00G0.0000E+0v0 . BOIOE+QO0 . 0000E +G00.0000E+000.0000E+000.0000E+000.0000E+00
0. 0000E+(GUO.0000FE+000 ., QUOO0L +000.0000E+000.0000L +000.0000E+00

0.168 0.1250 8.18 9.82  0.00000 . 00000 99.900 S50. 1.00
0.0000 0.12%90 0.00 1.64  0.06000 .00000 0.00000 .00000
0.000 0.0000
[ 1 0 1 100 1030 0000 *

0.000 0.0060 0.000 0.000 0.000 0.000 0.000 0.600

10,0 25.0 60006. {

TABLE 3.2.1-4. EXAMPLE 2, METHOD 1, RUN 2 OUTPUT FILE

wxunx  DETAILED DAMAGE GROWTH ANALYSIS FROGRAM DAMGRO *rxxx

EXAMPLE RUN NO. 2 SPECIMEN SUBJECTED TO RANDOMIZED LOADING SFECTRUM
* THIS ANALYSIS RESTARTS WITH THE STRESS SFECTRUM AT STEP 119 =

NO. OF SITES TO BE ANALYZED CRACK GROWTH
CORRESFONDING DAMAGE CODES CRACK GROWTH

1030; CRACK INITIATION

L.OAD INTERACTION GENERALIZED WILLENRORG ET AL-~-CHANG MODEL
MATERIAL 2024-T3  SHEET

WALKER EQ. CONST. (+R) : C N =3,

WALKER EQ. CONST. (-R) : € 0.621£-08, M =0.000, N =2.978

MAX. K FOR DC/DN THRESHOLD = 2,000

RETARDATION SHUT-OFF RATIO = 2.300

+R CUT--OFF = 0.9900, ~R CUT-0FF = -6.9900

YIELD STRENGTH : 53,000

ELASTIC MODULUS = 0.1070E+05 .

Fl.. STRESS FRACT. TOUGHNESS = 116.00

Fl. STRAIN FRACY. TOUGHNESS = 36.00

DAMAGE INDEX FOFR CRACK INITIATION = 0,887

NEUBER MATERIAL CONST. = 0,022

CRACK INITIATION EQ. CONST. : SF = 10.426, M =-.366

STRESS SEVERITY FACTOR FARAMETERS

ALFHA = 1.0000, FRETA = 1.0000, GAMMA = 1.0000

0.224E-08, M =0.700,

SFECIFIED DAMAGE CONDITIONS

INITIAL CRACK LENGTH OF CRACK NO. § 0.23000
FINAL CRACK LENGTH OF CRACK NO. {1 : 8.18000
INTTIAL CRACK DEFTH OF CRACK NO. 1 0.18800
FINAL CRACK DEFTH 0OF CRACK NO. ¢ 0.18800
INITIAL CRACK LFNGTH OF CRACK MO, 2 0.00000
FINAL CRACK LENGTH OF CRACK NO. 2 - 0.00000
INITIAL CRACK DEFTH OF CRACK NN, 2 0.00000
FINAL CRACK DErTH OF CHRACK NO. o 0.00000

FPARAMITERS FROM PREVIOUS CRACK GROWTH HISTORY
AFADLY = 4980+00, AFCOLY = .2871+00, RYAOQL
AKOLE = 2826400, (KM = L IO0BFE 402, ANt 4 L0914 00, [T
AFADLY = 00001 +00, AFCOLL2 = _NOOF+Q0, RYAOL? AL HOD, RYCNLD =
AKOLL2 = L008f +00,  CVOL2D = ,e060[400, ANL = (BO0E 00, coy o=
FARAMETERS FROM FREVIOUS CRACK TNLTTIATION HISTORY
DMGE = 000400, DMGLOLY =, andf 400, DL DGE = O00F 400
DMGL2 = L0000 +00, DMGOLY =.000E4+00, DILDGY =000 400

LAORE-01, RYCOLA

P

14

§; CRACK INITIATION =

AR R S R S AL AR LR ARG RE

SBDAE 04
L2340 400
LO00E +00
LONLEHOO
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COMFONENT GEOMETRY

THICKNESS OF FLATE

RADIUS OF MID. HOLE :

RATIO OF FLATE LENGTH TO HOLE DIAMETER, E/D :
DISTANCE BETWEEN MID. HOLE AND R.H.S. EDGE :
DISTANCE BETWEEN MID. HOLE AND L.H.S. EDGE
FRACTION OF LOAD TRANSFER RY MID. BOLT
RADIUS OF THE R.H.S. HOLE :

DISTANCE BETWEEN MID. AND R.H.S. HOLES :
FRACTION OF LOAD TRANSFER BY R.H.S. BOLT
RADIUS OF THE L.H.S§. HOLE :

DISTANCE HRETWEEN MID. AND L.H.S. HOLES
FRACTION OF LOAD TRANSFER RY L.H.S. BOLT :
PERCENTAGE OF COUNTERSINK DEFTH W.R.T THICKNESS
STRESS CONCENTRATION DUE TO PIN DEFLECTION
FASTENER HEAD OR COLLAR FRICTION STRESS :
FAYING SURFACE FRICTION STRESS

STRESS SPECTRUM

NO. OF BLOCKS SFECIFIED FOR ANALYSIS

TOTAL NO. OF CYCLES IN ONE RLOCK

TOTAL NO. OF FLIGHTS IN ONE BLOCK

NO. OF RLOCKS IN ONE DESIGN LIFETIME :

NO. OF FLIGHT HOURS IN ONE DESIGN LIFETIME
MAXTMUM FEAK STRESS OF THE SFECTRUM :

NO. OF STRESS LAYERS IN ONE ELOCK

75

0.18800
0.12500
99.8999%
8.18000
?.82000
0.00000,
0.00000
0.00090
0.00000,
0.12%500
1.64000
0.00000,
50.0
1.00
0.0000
0.06000

100
7416.500
120,000
25.000
6000,000
AN.750

204

TABLE 3.2.1-4. EXAMPLE 2, METHOD 1, RUN 2 OUTPUT FILE (CON'T.)
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TABLE 3.2.1-4. EXAMPLE 2, METHOD 1, RUN 2 OUTPUT FILE (CONCLUDED) ’
A o
L]
- L]
#xxuxxx D AMAGE GROWTH HISTORY 23696 2.9 96 '
RLOCK C4 c2 KMAX-CY KMAX-CZ  DC{/DF DC2/DF INITIAY INITIAR
At A2 KMAX-A1 KMAX-A2  DAY{/DF DA2/DF KN1 KN2 J
0.0 0.23000 0.00000 48.666 0.000 .000E+00 .CO0E+00 .000E+00 .000E+00 g
0.18800 0.00000 0.000 0.000 .000E+00 .000LE+20 .000E+00 .000FE+00 ky
1.0 0.42217 0.00000 78.573  0.000 ,327E-02 .000E+00 .O00E+00 ,000GE+00 K
0.18800 0.00000 0.000 0.000 .000E+00 .000E+00 .000E+00 .000E+00 »
2.0 2.16138 0.00000 94.070 0.000 .128£-04 .000E+00 .000E+00 .000E+00 .
0.18800 0.00000 0.000 0.000 ,000E+00 .000E+00 ,Q00E+00 .000E+00
UNSTABLE GROWTH OF CRACK NUO. § OCCURS AT: f
CYC = 4.0, STEF = 98, BLOCK = 3, CRACK LENGTH = 3.65077, CKMAXS=116.20 D
THE OTHER CRACK LENGTH = 0.00000 ’
TERMINATE DAMAGE COMFPUTATION .
- RETARDTION FARAMETERS A1 THE TEKRMINATTION OF CRACK GROWTH COMFUTATION :
AFADLY = L198E+00, AFCOLY = .415E+01, RYAOLY = .108E-01, RYCOLt = ,335E+00 -
AKOLY = .239E+02, CKOLt = .972E+02, AOLY = .188E+00, COLY = .364F +04
AFAOLY = ,000E+00, AFCOL2 = .000E+00, RYAOL2 = .000£+00, RYCOLD? = .000F+00
AKOL2 = [000E+00, CKOL2 = .000E+00, ADL2 = ,000E+Q0, COL2 = ,000F+00 '
RETARDATION FARAMETERS AT THE TERMINATION OF CRACK [NITIATION COMFUTATION ;
DMGY = .00OE+00, DMGOLY =.000E+00, DELDGY =.000E+00
DMGD2 = L000E+00, DMLOLD2 =.000E+00, DELDG? =.000E+00 3
\
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TABLE 3.2.2. EXAMPLE 2, METHOD 2 SUMMARY TABLE
REF. PAGES 78 THROUGH 90

TRTFIF RATAPTRUT I TU T IEL W . W URu™nr

— INITIAL
/ FLAW
/
az ; /0 1 _|-a3 .
* L T T WW—=X20))) ) 1 1 ]
| j
al a? a3l LIFE (BLOCK, ROUTINES RUN
(IN) (IN) (IN) LAYER, CYCLES) GROWTH INITIATION NO.
050 0 0 0 K1010 S1010 1
065 0 0 1, 0,0 K1010 S1010 1
.091 0 0 2, 0,0 K1010 S1010 1
.126 0 0 3, 0,0 K1010 S1010 1
.164 0 0 a4, 0,0 K1010 S1010 1
208 0 0 5, 0,0 K1010 S1010 1
.258 0 0 6, 0,0 K1010 S1010 1
-~ .316 0 0 1, 0,0 1010 S1000 1
.384 0 0 8, 0,0 K1010 S1010 1
.466 0 0 9, 0,0 K1010 S1010 1
.566 0 0 10, 0, 0 K1010 S1010 1
.693 0 0 n, 0,0 K1010 S1010 1
.859 0 0 12, 0,0 K1010 $1010 1
.901 .050 0 12, 36,1 K1010 S1010 ]
1.218 .45 0 13, 0,22 K1040 S1030 2
1.39 .532 0 13, 34,23 K1040 S1030 2
1.044 .050 13, 96,40 K1030 S1050 3
2.205 1.229 14, 0,40 K1050 - 4
NO. OF CYCLES TO SECONDARY CRACK INITIATION = 89,134 CYCLES
NO. OF CYCLES TO FAILURE = 103,871 CYCLES
%7
S
77
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z TABLE 3.2.2-1. EXAMPLE 2, METHOD 2, RUN 1 INPUT FILE
& -
. EYAMFLE KUN NO. 2 SFECIMEN SURJECTED T0 RANDOMIZED LOADING SFECTRUM
; 200478 SHEET
D.U374F 0% 0. 70 3.3306 6.2426E 9 0.00 2.9783
116.00 3.0 H4.0 2.0 2.3 9.99 ~0.99
Y 10.426 ~. 306 o.887  10700.0 0.022 1.006 1.0 1.0
iy O 4G 1.390 9.050 0.188 .0000 0.000 9.000 0.000
5y (. 6000L +00, 0UOOE+000 . GHOGE +0UD . GOOOE +000 . BOOOE+000 . OHOOE +000 . 0OOOE +000 . V0OOL +00
& 0. 0OGOE+U00, 0O0IE +060 . DOVOE+OID . GOOIE +000 . 00V0E+GOQ . 00O00E+060 . 00OUE +0GG . 0000E+00
0.0000E +000 . 0000E+ 000 . 0600E+000 . 000OE+000 . 0000E+000 . 000VE +00
. 0.188 0.1250 9.82 8.18 0.00000 .00000 99.900 50. 1.00 .
' 0.12%0 0.00609 1.64 0.00 0.00006 .00000 0.00000 .00000
e 0.000 0.0000
¥ 0 00 1 2 1 109 1010 1010 :
0.000 0.000 0.600 0.000 0.000 0.000 0.000 0.000 R
K 120.0 25.0 6000. 1
'I
]
i)
.
K
’ TABLE 3.2.2-2. EXAMPLE 2, METHOD 2, RUN 1 OUTPUT FILE
.
‘ -
nxxxx  DETAILFD DAMAGE GROWTH ANALYSIS PROGHRAM DAMGRO xxxex
& . " EXAMFLE RUN NO. 2 SFECIMEN SURJECTED TO RANDOMIZED LOADING SFECTRUM
)
®# THIS ANALYSIS STARTS AT THE EBEGINNING OF THE STRESS SPECTRUM =
%
: NO. OF SITES TO BE ANALYZED : CRACK GROWTH = 1; CRACK INITIATION = 2
- CORRESFONDING DAMAGE CODES CRACK GROWTH = 1010; CRACK INITIATION = 1010
A
L] LLOAD INTERACTION : GENERALIZED WILLENRORG ET AL--CHANG MODEL
L]
{ MATERTAL 2024-T3  SHEET
. WALKER EQ. CONST. (+R) : C = 0.224E-08, M =0.7060, N =3.339
' WALKER EQ. CONST., (~R) : C = 0.621E-08, M =0.000, N =2.978
! MAX. K FOR DC/DN THRESHOLD = 2,000
RETARDATION SHUT-QFF RATIO = 2.300
+R CUT-0FF = 0.9900, -k CUT-OFF = -0.9900
YIELD STRENGTH : 53.000
ELASTIC MODULUS = 0.1070E+0% '
FL. STRESS FRACT. TOUGHNESS = 116.00
* FL. STRAIN FRACT. TOUGHNESS = 36,00
- DAMAGE TNDEX FOR CRACK INITIATION = 0.887
k. NEURER MATERIAL CONST., = 0,022
CRACK INITIATION EQ. CONST. @ SF = 10.426, M =-.366
" STRESS SEVERITY FACTOR FARAMETERS -
By ALIFHA = §.0000, RETA = 1,0000, GAMMA = {.0070
b, SPECTFIED DAMAGE CONDITIONS :
4 INITTIAL CRACK LENGTH OF CRACK NO. § 0.05000 .
A FINAL CRACK LENGTH OF CRACK Ny, ¢ § 39000
LY INITIAL CRACK DEFTH OF CRACK NO. ¢ ¢ 0.0'5900
FINAL CRACK DEFTH OF CRACK NO. § 0.18800
7 INITIAL CRACK LENGTH 0OF CRACK NO, 2 0.00000 .
FINAL CRACK LENGTH OF CRACK NO. 2 0.00090
INITIAL CRACK DEFTH OF CRACK NO. 2 0.00000
FINAL CRACK DILI'TH OF CRACK NO. 2 0.00000

! FARAMETERS FROM FREVIOIS (KACK GROWTH HISTORY
AFADLY = ,000E+00, APCOLY = ,000E+00, RYAOL{ LO00F400, RO LO00L+00
AKOL Y = L000E+00, CKOLY = ,000E+00, AOLY = L annE+QD, ALY = L0001 +90
AFANL2 LO00E 400, AFCOLDY = L000E4+00, RYAODLD = ,0u0E+00, RiOLD LOUOE 400 l

"
#

]

P
B4

\ AKOLD = 0008400,  CKOLD? -+ 00400, ALY = L 00)E+00, COLY = 000+
¥ [— FARAMF TERS FROM PREVTIOIS (RACK INITIAT]ON HISTORY
| PMGY = L 00NF400, DMGOL Y = ,000L +00,  DELDRGY = .60017400
1: OMGD? = J00DE 400, DMGOL. =, 000F+00,  DELDGD = .0001 400
18
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TABLE 3.2.2-2. EXAMPLE 2, METHOD 2, RUN 1 OUTPUT FILE (CON'T.)
.
" —
§
4'
4
i
"
o d -
B
i)
5
N .
)
k)
Iy
COMFONENT GEOMETRY
> THICKNESS OF FLATE 0.18800
: RADIUS OF MID. HOLE 0,12%00
7 RATIO OF FLATE LENGTH TO HOLE DIAMETER, E/D : 99.89799
DISTANCE BETWEEN MID. HOLE AND R.H.S. EDGE ?.82000
J DISTANCE BETWEEN MID. HOLE AND L.H.S. EDGE : 8.18000
¢ FRACTION OF LOAD TRANSFER I'Y MID. BOLT : 0.00000, 0.00000
ol RADIUS OF THE R.H.S. HOLE 0,12%00
N DISTANCE BETWEEN MID. AND K.H.S. HOLES : 1.64000
:;: FRACTION OF LLOAD TRANSFER RY R.H.S. BOLT 0.00000, ©0.00000
o RADIUS OF THE L.H.S. HOLE : 0.,00000
Dy DISTANCE BETWEEN MID. AND L.H.S. HOLES : 0.00000
(4 FRACTION OF LOAD TRANSFER BY L.H.S. ROLT : 0.00000, 0.00000
ﬁ, FERCENTAGE OF COUNTERSINK DEFTH W.R.T THICKNESS : 50.0
-~ STRESS CONCENTRATION DUE TO FIN DEFLECTION 1.00
“ FASTENER HEAD OR COLLAR FRICTION STRESS 0.0000
FAYING SURFACE FRICTION STRESS 0.0000
! STRESS SFPECTRLM .
{ NO. OF BLOCKS SFECIFIED FOR ANALYSIS : 100
Y TOTAL. NO. OF CYCLES IN OME BLOCK - T416.500
bt TOTAL NO. OF FLIGHTS IN ONE BLOCK - 120.000
N1, OF RLOCKS IN ONE DEXSIGN | TFETIME 25,000
e NO, OF FLIGHT HOURS IN ONE DESTOGN LIFETIME 4H000.,000
e ] MAXIMUM FEAK STRELSS OF THE SFECTRUM A5, %)
I\ NG, OF STRESS LAYERS IN UNE RLOCK 204
,
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TABLE 3.2.2-2. EXAMPLE 2, METHOD 2, RUN 1 OUTPUT FILE (CON'T.)

6036 36 3 3 % DAMAGE GROWTH HISTORY 36 3 36 3 3¢
RLOCK C1 c2 KMAX-C1 KMAX-C2 DC1/DF DC2/DF INITIAM INITIA2
A1 A2 KMAX-A1 KMAX-A2 DAY /DF DA2/DF KN4 KN2
0.0 ©0.05000 0.00000 20,192 0.000 .000E+00 .000E+00 _[143E-03 .404L-03
0.05000 0.00000 25.306 0.000 .000(+00 .Q00E+00 ,278E+0f L263E404
1.0 0.06587 0.00000 24,246 9.000 L132E~03 .000E+00 ,I93E-01 L 2096014
0.08191 0.00000 27.5264 0.000 .266E-03 .000E+00 .283F+01 JR6XE+OY
2.0 0.09110 0.00000 27.624 0.000 .210E-03 .000E+00 ,4H1B8E-01 .418E-01
0.12312 0.00000 29.527 0.000 .343E-03 .000E+00 290401 RGO
3.0 0.12659 0.00000 28,050 0.000 [296E-03 .000E+00 ,980E-0f L626E-01
0.17173 0.00000 28,167 0.000 .40%E~03 .Q00E+00 ,273E4+0{ L263E+0Y
STABLE RREAK-THROUGH OF CRACK NO. {1 OCCURS AT
CYC= 1.0, STER = 77, RLAOCK - = 4, CRACK DEFTH = 0.18808

CRACK DEFTH IS SET EQUAL TO FLATE THICKNESS 0.4880 INCHES
4.0 0.16422 0.00000 30.549 0.000 .314E-03 .O00E+00 ,4286E+00 H3ISE-09
0.18800 0.00000 0.000 0.000 .{36E-03 L000E+90 [282E401 L2A3E400
5.0 0.20819 0,00000 34.702 0.000 .3646E~03 LO00E+00 [ 159E4+00 .1041+00
— 0.18800 0.00000 0.000 0.000 .O000F+00 [090E+00 [ 292E+04 L263Ev04
6.0 0.25843 0.00000 33,030 7,000 41603 .000F+400 1298400 [125FE+00
0.168800 0.00000 0.000 0.000 .000E+Q0 .00ME+00 [ 303F+01 L263E4+09
7.0 0.31410 0.00000 34.575 0.000 .483E-03 .000E+00 .24BE+00 .144K+00
0.18800 0.00000 0.000 0,000 .000E+00 .000E+00 _.315E+04 L263E+01
8.0 0.38452 0.00000 36.379 0.000 .S70E~03 .OO0E+00 [309E+00 ,167L+00
0.18800 0.00000 0.000 0.000 ,000L+00 .000F+00 [ Z2BE4+01 L2660
9.0 0.46651 0.00000 38.493 0.000 ,4683~03 .Q00E+00 ,[3B7E+00 .188E+00
0.18800 0.00000 0.000 0,000 .000E+00 .[000E+00 ,344E+01 L26A0 400
10,0 0.56608 0.00000 40.982 Q0.000 [830E-03 .000E4+00 ,A488FE+00 .207F400
0.18800 0.00000 0,000 0.000 L0001 +00 LOQO0E +00 LASTE+OY .26'.'“:,'!'01
11.0 ©0.69343 0.05000 44,054 0.000 .10 2 J00DE+00  LA2IE4Q0 L 227E+00
0.18800 0,00000 0 .000 0,000 .00 00 JODOLE+O0 LAR3E+O1 LA A0
12.0 0.8%5973 0.00000 47.96% 0.000 A 3902 LOOOE+00 LBOPE+QO LARGE QO
‘ 0.18800 0.00000 N.000 0.000 .000E+00 .O00E+00 ,409E+014 L2ERE40Y
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D TABLE 3.2.2-2. EXAMPLE 2, METHOD 2, RUN 1 OUTPUT FILE (CONCLUDED)

b A T -
*

CRACK INITIATION FOR LOCATION 1§ 0OCCURS AT
. CYC = 14.000, STEF = 36, BLOCK = 13

CRACK LENGTHS AT THE TERMINATION OF CRACK INITIATION COMPUTATION
Ci = 0.90143, Al = 0.18800, C2 = 0.00000, A2 = 0.00000

ol PN AP

RETARDTINN FARAMETERS AT THE TERMINATION OF CRACK GROWTH COMFUTATION -
LAR3E400

AFADLY = ,2020+00, AFCOLY = .101E+04, RYAOLY = _137E-01, RYCOLY =
AKOLY = .269F+02, CKOLY = ,4AB85E+02, AOLY = . 188E+Q0, COLY = .8800+00
= L,000E+00, RYCOL2 = .000E+00

I, AFAQLY2 = ,000E+00, AFCOL2 = ,000E+00, RYAOL2

' AKOLL2 = (000E+00, CKOL2 = ,[000E+00, ADL.2 LOD0E+00, CoL2 = .000L+00

! RETARDATION FARAMETERS AT THE TERMINATION OF CRACK INITIATION COMFUTATION
DMGY = .B79E+00, DMGOLY =.970E-03, DELDGI =.0N0E+00

‘ DMG2 = .257E+00, DMGOL2 =.105E~03, DELDG2 =.000E+00

" A .d - Y
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TABLE 3.2.2-3. EXAMPLE 2, METHOD 2, RUN 2 INPUT FILE

LA’ BUN NOL 2 SPTCIREN SUICGIELTE D 10 1940001 200 1 0aD TG SHECTUM
LO4 T3 SHELT
2025748 09 Q.70 3.3386 6.2126E Y [EL] 2.9763
116.00 34.0 53.0 2.0 2.3 0.99 -0.99
10.426 -, 366 0.887 10700.0 0,022 1.000 1.0 1.0
0.9200 §.390 0.188 0.168 L0500 8.180 0.050 0.183
OL202DE 4000, 1016F #0101 2V0F 010, 1 330E4000. 26704020, 4840E+020., 1 GHOE+000, BEOOE+ 00
0.0006E+000, D0OOE+000.0000E +U00 ., 00ODE+000.000uUE+009.0000E+000.0000E+000. 0000E +00
0.05T0E+000 ., 1050E -0 30.0000E+000 ., 0000E+000 . 0000E +000 . 0000E +00
0.188 0.1250 .82 8.18 0.00000 00000 99.900 H0. §.00
9.12%0 0.0000 1.64 ©.00 0.00000 . 00000 0.00000 . 00000
0.000 0.0000
1 36 2 i i 100 1040 1030 ’
0.000 0.000 0.000 0.000 0.000 0.000 0.000 ©.000
120.0 25.9 6000, 1

TABLE 3.2.2-4. EXAMPLE 2, METHOD 2, RUN 2 OUTPUT FILE

¥xkxx  DETAILED DAMAGE GROWTH ANALYSIS FROGRAM DAMGRO *xxxx
EXAMFLE RUN NO. 2 SPECIMEN SURJECTED TO RANDOMIZED LOADING SFECTRUM

# THIS ANALYSIS RESTARTS WITH THE STRESS SPECTRUM AT STEF 36 %=

NO. OF STITES TO BE ANALYZED : CRACK GROWTH 2; CRACK INITIATION = 1

CORRESFONDING DAMAGE CODES CRACK GROWTH 1040; CRACK INITIATION 1030

LOAD INTERACTION : GENERALIZED WILLENRORG ET AL~-CHANG MODEL

MATHETAL 2024-T3 SHEETY
WALKER EQ. CONST. (+R) : C = 0.224E-08, M =0.700, N =3.339
WALKER EQ. CONST. (-R) : C 0.621E-08, M =0.000, N =2.978
MAX. K FOR DC/DN THRESHOLD = 2.000
RETARDATION SHUT-0FF RATIO = 2.300
+R CUT-OFF = 0.9900, ~R CUT-0FF = -0.9900
YIELD STRENGTH : 53.000
ELASTIC MODULUS = 0.1070E+05
Fl.. STRESS FRACT. TOUGHNESS = 114.00
FL. STRAIN FRACT. TOUGHNESS = 34.00
DAMAGE INDEX FOR CRACK INITIATION = 0.887
NEUBER MATERIAL CONST. = 0.622
CRACK INITIATION EQ. CONST. @ SF = 10.426, M =-,366
STRESS SEVERITY FACTOR FARAMETERS
ALFHA = 1.0000, BRETA = 1.0000, GAMMA = 1.0000

SFECIFIED DAMAGE CONDITIONS
INTTIAL CRACK LENGTH OF CRACK NO. § 0.90100
FINAL CRACK LENGTH OF CRACK NO. § §.39000
INITIAL CRACK DEFTH OF CRACK NO. § - 0.168300
FTINAL CRACK DEFTH OF CRACK NO. § 0.18800
INTTIAL CRACK LLENGTH OF CRACK N0, 2 0. 05000
FINAL CRACK LENGTH OF CRACK NO, 2 : 3.18000
INITIAL CRACK DEFTH OF CRACK NO. 22 0.05000
FINAL CRACK DEFTH OF CRACK NO, 2 - 0.18400
PARAMETERS FROM FREVIOUS CHACK GROWTH HISTORY ’
AFAGL 4 L202E400, AFCOLY = [4091E+01, RYAQL{ JAXTE-04, RYCOLS = (4337400
AKOLS = 2620402, CKOL Y = 48040400, ADL Y = SIRDEEOH0, FOLY = J00el o
APADLY = L0O0HE+00, AFCOLL = 000 +00), RYAQLD? = 0000100, RYCOLDY = N00l 400
AKOL2 = . 000F+00, CKOLD? = ,000F 00, ALY = 0Nl 400, COLD = Loddf 400
FARAMETERS FROM PREVIOUS CRACK TNTTTATION HYTTNKY
DML = [ 2B7E¢09, DMGOLY =, 10%17 04, DILDLY =, 000F 406
DMG2 = J00OE 0D, DMGOLDY =, 0000 +09,  DELDED - O00F 400

h e m i taa taaaataay “
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COMPONENT GEOMETRY :

THICKNESS OF PLATE

RADIUS OF MID. HOLE

RATIO OF FLATE LENGTH TO HOLE DIAMETER, E/D

DISTANCE BETWEEN MID. HOLE AND R.H.S. EDGE

DISTANCE BETWEEN MID. HOLE AND L.H.S. EDGE

FRACTION OF LOAD TRANSFER BY MID. ROLT

RADIUS OF THE R.H.S. HOLE :

DISTANCE RETWEEN MID. AND R.H.S. HOLES :

FRACTION OF LOAD TRANSFER RY R.H.S. ROLT

RADIUS OF THE L.H.S. HOLE

DISTANCE HRETWEEN MID. AND L.H.S. HOLES

FRACTION OF LOAD TRANSFER BY L.H.S. EROLT :

PERCENTAGE OF COUNTERSINK DEFTH W.R.T THICKNESS
- STRESS CONCENTRATION DUE TO FIN DEFLECTION :

FASTENER HEAD OR COLLAR FRICTION STRESS

FAYING SURFACE FRICTION STRESS :

STRESS SFECTRUM
NO. OF BLOCKS SFECIFIED FOR ANALYSIS
TOTAL NO. OF CYCLES IN ONE BLOCK
TOTAL NO. OF FLIGHTS IN ONE BLOCK :
NO. OF BLOCKS IN ONE DESIGN LIFETIME
NO. OF FLIGHT HOURS IN ONE DESIGN LIFETIME
MAXIMUM FEAK STRESS OF THE SFPECTRUM
NO. OF STRESS LAYERS IN OME BLOCK

UNSTABLE BREAK-THROUGH OF CRACK NO. 2 OCCURS AT :
CYC = 0.0, STEP = 36, BLOCK = {, DEPTH =

0.05000,

0.18800
0.12500
99.689999
9.82000
8.18000
0.00009,
0.12500
1.64000
0.00000,
0.00000
0.00000
0.00000,
50.0
1.00
0.0000
0.0000

100
7416.%00
120.000
2%.000
6000.000
35.750

204

T P sT &1 T TIFTF LRI T

TABLE 3.2.2-4. EXAMPLE 2, METHOD 2, RUN 2 OUTPUT FILE (CON'T.)

0.00000

0.00000

0.00000

AKMAXS= 52.24




‘? TABLE 3.2.2-4. EXAMPLE 2, METHOD 2, RUN 2 OUTPUT FILE (CONCLUDED)

. 33 3 3 2 2 DAMAGE GROWTH HI STORY 3936 36 36 3 %

o

i RL.OCK CH c2 KMAX~-C1 KMAX-C2 DC1/DF DC2/DF INITIAM INITIAD
¢ Al A2 KMAX~A1  KMAX-A2 DAt /DF DA2/DF KN KN2
' 0.0 0.70100 0.0%5000 49,490 44,4685 L000E+00  [000E+OD ,259E+00 ,000E+00
! 0.18800 0,05000 0.000 52.244 .000E+00 L.O000E+00 ,263L+01f .000E+00

1.0 1.21853 0.45006 67.869 63,073 J265E-02  .333E-02  272E400 ,000E+00
0.18800 0.18800 0.000 0.000 .000E+00 L115E-02 L(263E+01 ,0D0E+00

».

ﬁ UNSTARLE GROWTH OF CRACK NO. 1 OCCURS AT:

e CYe = 1.0, STEP = 34, BHLOCK = 2, CRACK LENGTH = §.37721, CKMAXS=1246.59

3 THE OTHER CRACK LENGTH = 0.53209

g TERMINATE DAMAGE COMFUTATION

S

- RE TARDTION PARAMETERS AT THE TERMINATION OF CRACK GROWTH COMFUTATION

AFADLY = L202E400, AFPCOLY = ,189E+01, RYAOLY = L137E-01, RYCOLY = .S529E+00
AKOLY = .269E+402, CKOLY = .966E+02, AQLY = »199E+0“. COLY = _136E+04
" AFADL2 = L000E+00, AFCMN.2 = ,763E+00, RYAOL2 = ,000E+00, RYCOL2 = .243E+00
; AKODL2 = (000E+00, CKOL2 = ,655M+02, AGL2 = [000E+00, COL2 = .520E+00

RETARDATION FARAMETERS AT THE TERMINATION OF CRACK INITIATION COMFUTATION
o PHMGY = .277E+00, DMLOLY =.732£-04, DELDGI =.000E+00
DMG2 = .000E+00, DMROL2 =.000E+00, DELDGD =.000F+00

m
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TABLE 3.2.2-5. EXAMPLE 2, METHOD 2, RUN 3 INPUT FILE
LAMPLE KUN NOL 2 SPICIREN SUBJECTED TO RANDOMLIZED LOADING SPECTRUM
S04 13 SHEET
2.2374L 07 0.70 3.3386 6.21346E -9 0.00 2.9783
116.00 36.0 53.0 2.0 2.3 0.99 -0.99
10.426 =366 0.887 10700.0 0.022 1.000 1.0 1.0
0.%3L 8.1480 0.188 0.188 0000 0.000 0.000 0.000
0. O0ODE - D06, 7630L¢000,0009E+000. 2430E4000.0000L+020, 6550E +020. 0000F +000.S200E+00
9. 000014 60, 0000 +0VD, VOVOF +000. 000OE+000 . VOOOE +000 . 0000 +000 . 0O00E+000 . D0QVE YOO
Q.2770E 000, 7320E-040,0000E+000 . 0000E +000. 0V00OE+000.GO000E+00
©.188 0.125%0 8.18 9.82 0.00000 .OV000 99.900 50. 1.00
. 0.0000 0.1250 0.00 f.64 0.00000 . 00000 0.00000 . 00000
0.000 ©.6000
i 34 ] ] i 100 1030 1050 *
0.000 0.000 6.000 0.0600 0.000 0.000 0.000 0.000
120.0 5.0 6000. 1
TABLE 3.2.2-6. EXAMPLE 2, METHOD 2, RUN 3 OUTPUT FILE
werxx  DETAILED DAMAGE GROWTH ANALYSIS FROGRAM DANMNGRIN ®xxxs
EXAMPLE RUN NO. 2 SFECTMEN SURJECTED TO RANDOMIZED LOADINL  SPECTRUM
* THIS ANALYSIS RESTARTS WITH THE STRESS SFECTRUM AT STEF 34 %
NO. OF SITES TO BE ANALYZED : CRACK GROWTH = 1; CRACK INITIATION = 1
CORRESPONDING DAMAGE CODES CRACK GROWTH = 1030; CRACK INITIATION = 1050
-~ LOAD INTERACTION : GENERALIZED WILLENRORG ET AL--CHANG MODEL
MATERTAL : 2024-T3  SHEET
WALKER EQ. CONST. (+R) : € = 0.224E-08, M =0.700, N =3.329
WALKER EQ. CONST. (-R) @ € = 0,621E-08, M =0.000, N =2,978
MAX. K FOR DC/DN THRESHOLD = 2.000
RETARDATION SHUT-QOFF RATIO = 2.300
+R CUT-0OFF = 0.9900, ~R CUr-oFfF = -0.9900
YIELD STRENGTH : 53.000
ELASTIC MODULUS = 0.1070E+0%
FL. STRESS FRACT, TOUGHNESS = 116.00
FL. STRAIN FRACT. TOUGHNESS = 36.00
DAMAGE INDEX FOR CRACK INITIATION = 0.R87
NEUBRER MATERIAL CONST. = 0,022
CHACK INITIATION EQ. CONST. @ SF = 10.4246, M =-.3664
STRESS SEVERITY FACTOR FPARAMETERS
ALFHA = {.0000, BRETA = 1.0000, GAMMA = {,00)0
SPECIFYED DAMAGE CONDITIONS
INITIAL CRACK LEMGTH OF CRACK NO. {1 ¢ 0.52200
FINAL CRACK LENGTH OF CRACK NO. {4 : 8.18000
INTTIAL CRACK DEFTH OF CRACK NO. § : 0.18800
FINAL CRACK DEFTH OF CRACK NO. 1 0.484800
THITIAL CRACK LENGTH OF CRACK NO. 2 ¢ 0. 00000
. Fival CRACK LENGTH OF CRACK NO. 2 0.00000
INITIAL CRACK DEFTH OF CRACK NO. 2 0.00000
FINAL CRACK DEPTH OF CRACK NO. 2 0.00000
FARAMETERS FROM FREVIOUS CRACK GROWTH HISTORY
APAOLY = 122877, APCOLA = .763E+00, RYAOLS = ,000[1¢+00, RYCOLE = 243400
AKOLY = 000k +00, CKOLY = " ALY = L0007+ 00, COLY = . S5000+00
APAQL2 = L0000 +00, AFCOLD = ,[000[4+00, RYAOLZ2 = ,000E400, RYCOLY2 = 00601 +0Q
AKDL2 = L000E: 00, CKOL? = ,000E+00, AOLD = L0001 +00, COLD = L 00D v(O
FMARAMETERS FROM FREVINUS CEACK TNITIATION HISTORY
DMEGE - L OT7E 0D, DMGOLY = 732E-04,  DELDNGY =.000FK 100
bt . DHUELD = LONO 00, DMGOLY =, 000F +00,  DILDG Y = w0el b )
85
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TABLE 3.2.2-6. EXAMPLE 2, METHOD 2, RUN 3 OUTPUT FILE (CON'T.)

COMPONENT GEOMETRY
THICKNESS OF FLATE
RADIVUS O MID. HOLE

FaTIn OF FLATE LENGTH 10 HOLE DIAMETER, E/D

DISTANCE RUTWE
DISTANCE RETWEE
FRACTION OF LOAD TRANSTFLR
RADTUS OF THE R.OH.S. HOLE
DISTANCE RETWEEN MID., AND
FRACTTION OF LOAD TRANSFER
RADIUS OF THE L.H.S. HOLE
DISTANCE RETWEEN MID. AND
FRACTTON OF LOAD TRANSFER
CENTAGE OF COUNTERSINK

PE.

MID. HOLE
MID. HOLE

AND R.H.S. EDGE
AND L.H.S. EDGE
RY MID. ROLT

R.H.8. HOLEY
BY R.H.S. BOLT

L.H.S. HOLES :
BY L.U.S. BOLT
DEFTH W.R.T THICKNESS

STRESS COMCENTRATION DUE TO PIN DEFLECTION
FASTENER HEAD OR COLLAR FRICTION STRESS
FAYING SURFACE TRICTION STRESS

STRESS SPFCTRUM

N OF RLOCKS SFECLFTED FOR ANALYSIS

TOTAL NO. OF CYCLES 11 ONE

FL.OCK

TOTAL NO. OF FLIGHTS fH ONE BLAWY
NOL QF RLOCKS 10 aD DESTGN LIFETIME

NOL OF FLIGHT HOUS IN ONE
or THE

MAXTMUM FEAK ST S8

DESIGH LIFVETINE
SPFCTRUM -

N OF STRESS LaOYURS TN ONE RLOCE

86

0.18800
0.1.2500
9P .89999
3.18000
9.892000
0.00000,
0.00000
0.00000
0.,90000,
0.12500
1 .64000
QL a0000,
50.0
y.00
0.0000
0.0000

{00
VALALTO0
fa0. 000

7.00000

0.00060

0.00000

e e e e —— A A . A
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TABLE 3.2.2-6. EXAMPLE 2, METHOD 2, RUN 3 OUTPUT FILE (CONCLUDED)

LERE SR DAMAGE GROWTH HI STORY BT ER R S

ELOCK C1 c2 KMAX-CTf  KMAX-(2 DCA/DF nC2/or THTITIA INTTIAZ
Al A2 KMAX-A1  KMAX-A2 DAY /DE nalsoF KNt Ny

0.0 0.53200 0.00000 77.318 0,000 L00NCHON L NIOE+00 [ 2G1E+00 L 00DE+00
0.18800 0,095000 D.000 0.000 L000E+00  LONOE+00  LS544409 LO90E 0D

CRACK INITTATION FOR LOCATION 1 OCCURS AT
Cyec = 28.9500, STr o= 96, BRLOCK = 1

CRACK LENGTHS AT THE TERMINATION QF CRACK INITIATION COMPUTATION
CY = 1.04497, A = 0,18000, C2 = 0,00000, A2 = 0.00000C

RETARDTTION PARAMETERS AT THE TERMINATION OF CKRACK GROWITH COMPUTATION

AFAOLY = 122E-77, APCOLY = L129E+01, RYAOLY = .Q00L+0H, RYCOLY = .[DS{E+00
AKOLY = 000800, CKOLT = .884E+02, AOLT = .000E+00, COLY = L4082 e01
APAGLDY = (000E+00, AFCOLY = .000E+0C, RYAOLZD = ,Q00E+00, RYCOLI = ,000E+Q0
et AKOL2 = [Q00E+60, CKOL2 = .000E+00, AQLY = (O00F NG, 1) LOOOE+00

RETARDATION FARAMIFTIRS AT THE TERMINATION OF CRACK INTTIATION COMFUTATION
DHGY = JA79E+90, DMGOLY =.780E-02, DELDGY =.574F- 02
DMG2 = 000400, DMGOL2 =.000[:00, DELDGD =.0000400

hl“l)"'"-oaﬂnn]
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TABLE 3.2.2-7. EXAMPLE 2, METHOD 2, RUN 4 INPUT FILE X
o
EXAMPLL UM ND. 2 SPUCIMEN SUEJECTED TO RANDUMIZED LUADING SPECTRUM
H024 T3 SHEET
2.24874F 09 0.70 53386 6.7126F -9 0.90 2.9743
114.00 36 0 53.0 2.0 2.8 0.99 -0.99
10.424 -, 366 0.887 107060.0 0.022 1.060 1.0 1.0
1.044 8.160 0.188 0.188 .0500 8.180 0.059 0.188
0.0000C 000, 1290E+u1 6, VDOOE+000 . 2510k +H00 . 0O0O0E 1000 . ODGOE +Uu0 . DVOOE 4 GVO , 0OGOE 1 0O
0. 0900E+000. 00VUE +000 . 0OONE+000. DOVOE +000 . 0000E +000 . 0OOOE +000 . OIOOE + 00V . 00OOE +0v
0.8790C0 1000, TBOOE -0£0.5 740K 020 . 0000F +000 . 00GOE + 000 . 00GOE +00
9.188 0.12%0 8.18 9.42  0.000006  .00000 99.900 50. 1.00
0.0060 0.1250 0.v0 1.64  0.00000 .00000 0.00000  .000600 .
0.000 0.0000 .
1 9 2 0 £ 100 1059 116u0
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
120.0 5.0 4000. 1
TABLE 3.2.2-8. EXAMPLE 2, METHOD 2, RUN 4 OUTPUT FILE
s
\
wxwxx DETAILED DAMAGE GROWTH ANALYSIS FROGRAM DAMGREO wnxns
EXAMPLE RUN NO. 2 SFECIMEN SURJECTED TO RANDOMIZED LOADING SFECTRUM
¥ THIS ANALYSTS RESTARTS WITH THE STRESS SPECTRUM AT STERP 96 *
NO. OF STTES TO BE ANALYZED CRACK GROWTH = 2; UCRACK TINITIATION = (]
CORFESFONDING DAMAGE CODES CRACK GROWTH = 4050; CRACK INTTIATION = o] R
hadt LOAD INTERACTION - GENCRALTZED WILLENERORG ET AL-~-CHANG MODEL
t
MATERTAL 2024-T%  SHFET
WALKER EQ. CONST. (+R) C = 0.224E-08, M =0.700, N =3.1339 :
WALKER EQ. CONST. (-R) @ C = 0.50-08, M =0.000, N =2.778 N
MAX. K FOR DG, DN THRESHOLLD = 2,000
RETARDATION SHUT-QFF RATIO = 2,300 4
R CUT-OFF = 0,9900, ~R CUT-0FF = -0.,9900
YIELD STRENGTH 53.000
ELASTIC MODULUS = 0.1070E+05 d
PL. STRESS FRACT. TOHIGHNESS = 116.00
FL. STRAIN FRACT. TOUGHNESS = 36.00
DAMAGE INDEX FOR CRACK INITIATION = 0.407 :
NFUIBRED MATERIAL CONST. = 0.022 l
CRACK INITIATION EQ. CONST. © SF = 10,424, M =-, 364 '
STRESS SEVERITY FACTO FPARAMETERS
ALFHA = 1.0000, RITA = 1.0000, GAMMA = 1.0000 R
SPECIFLFD DAMAGE CONDITLIONS Y
INTTIAL CRACK LFNGTH 0OF CRACK NO, t 1.04400 E
FINAL. CRACK LEMGTH OF CRACK NO. { - a.10000 ’
INITIAL CRACK DEFTH OF CHACK NO. 9.112800
FINAL CRACK DEMTH OF (RACK NO. § 0.18800
INTITIAL CRACK LENGTI OF CRACK NO. 2 0.0%M20 "
FINAL CRACK LENGTH OF CRACK NfY, 2 8. 11000 .
THITIAL CRACK DEFTH OF CRACK NO. 2 0.0%000 N
FINAL CRACK DITTH QF CRACK NO. 2 O.16100 .
FAFAMETERS FROM PREVIOUS CRACK GROWTH HISTOGY -
APADLY = J122E-77, AFCOLY = 129 +01, RYAOLY = 000 ¢00, RYCO 4§ = [25%4F 100 ’
ALY = J000E+Q0, CHOLY = 5060 +02, ALY = O 400, COLE = 1040 vy ;
AMAOL2 = L0001 +00, AMCOLY = L0001 100, RYADNLDY = 000 +00, RYCOL 2 = 000 100
AKNLD = ,000] t1n, CEOLD = ,O00F 00, ALY = 0001400, COAL2 = 000 +20
FORAM TERS FROM FREVIOUS CRACKE THITTATION HITTORY |
- DMGE = 0790400, DMGOLY =, 001 02,  DELT 4 =,%741 0 by
DAL = oonl v a0, DMLOL DY = D900 1) DEL U = 0000 0N Yy
2
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TABLE 3.2.2-8.

COMPONENT GEOMETRY :
THICKNESS OF PLATE :
RADILZ OF MID. HOLE

DISTANCE RETWEEN MTID.
DISTANCE KETWEEN ML1D.
FRACTION OF LOAD TRANZFER
RADIUS OF THE R.H.S. HOLF
DISTANCE RETWEEN MID. AND
FRACTION OF LOAD TRANSFER
RADIUS OF THE L.H.S. HOLE
DISTANCE EFTWEEN MID. AND
FFACTION OF LOAD TKANSFI'R
FERCENTAGE OF COUNTERSTNK

STREST
NO. oF

SFECTRUM

TOTAL

NO. or
MAXTMUM TEAK
NO. OF

cye: = 0.0, STEF = 96,

- RATIO OF FLATE LENGTH TO HOLE DIAMETER,
HOLE AND R.H.S.
HOLE AND L.H.S.

UNSTARLE BREAK-THROUGH OF CRACK NO.
BLOCK =

E/D
EDGE

EDGE

BY MID. ROLT

R.H.S. HOLES
RY R.H.S. BOLT

L.H.S. HOLES
RY L.H.S. RULT
DEFTH W.R.T THICKNESS

STRESS CONCENTRATION DUE TO FPIN DEFLECTION
FASTENER HEAD OR COLLAR FRICTION :
FAYING SURFACE FRICTION STRESS :

STRESS

BLOCKS SPCCIFIED FOR AHALYSIS

TOTAL. NO. OF CYCLES IN ONE BLOCK

NO. OF FLIGHTS IN ONE ELOCK :

NO. OF BLOCKS IN ONE DESIGN LIFETIME :
FLIGHT HOURS IN ONE DESIGN | TFETINME
STRESS OF THE SFECTRUM

STRESS LAYERS IN ONE BLOCK

2 OCCURS AT
1, DEFTH

=

89

et e
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EXAMPLE 2, METHOD 2, RUN 4 OUTPUT FILE (CON'T.)

0.18800
0.12500
P .09999
82.1800H
?.82000
O 900w,
0.00000
0.00009
0.000¢0,
0.12509
1.640090
0.00009,
50.0
.00
0.0000
0.0000

¢.00000

0.00000

(¢.00000

190
T 4,500
120,000
15,000
6030.000
35,7590

204

0.05000, AKMAXS= 75.6%
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TABLE 3.2.2-8. EXAMPLE 2, METHOD 2, RUN 4 OUTPUT FILE (CONCLUDED)

—
»
bk g 2 1] DAMAGE GCGRNDWTH HI STORY 363 0032
BLOCK Ct c2 KMAX-Ct KMAX-C2 DCY/DF DC2/DF INITIAY INITIAZ
Al A2 KMAX-A1  KMAX-A2 DAY /DF DA2/TF KNt KN2
0.0 1.04400 0.05000 83.509 60.363 .000E+00 .O000E+00 .8790+00 ,000E+00
0.10800 0.05000 0.000 75,652 .(000E+00  ,000E400 .000E+00 ,Q000E+00
UNSTARLE GROWTH OF CRACK NO. 2 OCCURS AT:
Cye = 1.0, STEF = §, BLOCK = 2, CRACK LENGTH = 1.,42785, CKMAX3~116.90
THE OTHFR CRACK LENGTH = 2.22758
TERMINATE DAMAGE COMFUTATION
1.0 2.20552 1.22989 112.207 113.402 .968BE-02 .983E-02 .879E+00 .000E+00
0.18800 0.18800 0.000 0.000 .Q00E+00 _14SE-02 .000E+00 ,000E+00
RETARDTION PARAMETERS AT THE TERMINATION OF CRACK GROWTH COMFUTATION
AFPAOLY = 12D768-77, APCOLY = 2861409, RYAOQLY = .000E+00, RYCOLY = .4634E¢00
- AKOLY = .000E+00, CKOLY = .104E+03, ALY = L000L+N0, COLY = ,223E+04
AFADLY2 = ,000FE+90, APCOLD = ,209E+01, KYAUL2 = ,000E+00, RYCOL2 = ,[472E+00
AKOL2 = ,000:400, CKOLD = ,107F+03, AOL2 = ,000F+00, COL2 = (141E+04
RETARDATION FARAMETFRS AT THE TIiII'MINATION OF CRACK INITIATION COMPUTATION
DMGY = .879E+00, DMGOLY =, 700E-02, DELDGY =, S74E 2
DMG2 = [ 000E+00, DMGOL2 =.,0000+00, DELDG2 =,000E+:0
et

90
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EXAMPLE 3: STRINGER SECTION SUBJECTED TO CONSTANT AMPLITUDE LOADING :

GEOMETRY:

.188 —=d =

2.250 '
: ¢
| ! .188 :
| J | i *
MATERIAL: iL L; ! R .
\ - ! \
2024-T351 EXTRUSION I ' IMITIAL '

YITI | *
FLAW ! ,
0.050 X 0.050 i
LOADING SPECTRUM: l | ,
.50C 1.640 ~——wmiet———— 500 '

CONSTANT AMPLITUDE

. b
O max = 17.0 KSI r
O min = 1.70 KSI X

REF. PAGES 92 THROUGH 107 §
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TABLE 3.3.1. EXAMPLE 3, METHOD 1 SUMMARY TABLE

REF. PAGES 93 THROUGH 99

|
i .
ye
| 4\\¥ |
U7 M) MR EES Y
a, | a, | ag
a9, a, aqy a9, LIFE ROUTINE RUN
(IN) (IN) (IN) (IN) (CYCLES) GROWTH NO.
.050 0 0 0 0 2020 1
.056 0 0 0 2020 2020 1
.066 0 0 0 4000 2020 )
.080 0 0 0 6000 2020 1
101 0 0 0 8000 2020 )
RES 0 0 0 10000 2020 1
181 0 0 0 12000 2020 1
.248 0 0 0 14000 2020 1
.336 0 0 0 16000 2020 )
.447 0 0 0 18000 2020 1
.567 0 0 0 20000 2020 1
-700 0 0 0 22000 2020 )
873 0 .265 0 23878 2050 2
1.089 0 0 25878 2050 2
1.396 0 .304 0 26739 2050 2
NO. OF CYCLES TO FAILURE = 26,739 CYCLES
R, - X
92
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TABLE 3.3.1-1. EXAMPLE 3, METHOD 1, RUN 1 INPUT FILE

EXAMFLL NO. 3 STRINGER SFLCIMEN SUBJECTED TO CONSTANT AMLITUDE LOADING
2024-T351 EXTRUSLON

0.1600E 09 0.65 4.554 0.230E-003 1.00 3.115
58.00 34.0 53.3 2.0 2.3 0.99 -0.99
10.4260 ~.3660 0.872 107006.0 0.022 1.0 1.0 1.0
. 050 1.390 0.050 0.188 0.000 0.000 0.000 0.009

0.0000E+000.0000E +000.0000E+000.0000F +000.0000£+000,0000E+000.0000E +000.0000E +00
0.0000E-000.0000E +000 . 0000E +000,0000E+000 . 00Q0E+000.0000E +000.0000E +000 . 0Q00E +00

0.0000F +000.0000E+000.0000E +000.0000E-000.0000E +000.0000E+060

xrnxs  DETAILED DAMAGE GROWTH ANALYSIS FROGFRAM DAMGRDO

R e e N e S e

TABLE 3.3.1-2. EXAMPLE 3, METHOD 1, RUN 1 OUTPUT FILE

] 0.188  0.1250 2.14 0.500 0.00000 0.00000 99.9999 0.0 1.00
) 0.1250  0.0000  ~1.440 0.000 0.000 0.000 0.600 .00000
) 0.000 0.0000 .
o 00 1 0 0 100 2010 0000
. A 1.226 1.414 0.462 1,000  0.2658 .6000 0.0000  0.000
000.0 00.0  00000. 1
b
J
4
1

L2 2 2]

* THIS ANALYSIS STARTS AT THE EFGINNING OF THE STRESS SPECTRUM =

EXAMFLE NO. 3 STRINGER SFECIMEMN SUUJLCTED TO CONSTANT AMPLITUDE LOADING

NO. OF SITES TO BE ANALYZED : CRACK GROWTH = 1; CRACK INITIATION = 0
) CORRESFONDING DAMAGE CODES CRACK GROWTH = 2010; CFACK INITIATION = o
-~
LOAD INTERACTION - NONE
MATERIAL 2024-T354 FXTRUSTON
WALLKER EQ. CONST. (+R) : € = 0,160E~-07, M =0.4650, N =4.554
WALKER EQ. CONSY, (-R) : C = 0.,230E-08, M =1.000, N =3.115
MAX. K FOR DC/DN THRESHOLD = 2.000
RETARDATION SHUT -OFF RATIO = 2.300
+R CUT-NFF = 0.9900, ~R CUT OFF = -0.9900
YIFLD STRENGTH : 53,300
ELASTIC MODULUS = O0.1070E+0%
FL. STRESS FRACT. TOUGHNESS = “1.00
FL. STRAIN FRACT. TOUGHNESS = 34,00
DAMAGE INDEX FOR CRACK INITIATION = 0.872
NELURER MATERTAL CONST. = 0.022
CRACK INITIATION EQ. CONST. . SF = 10.424, M =-,3466
STRESS SEVERITY FACTOR FPARAMETERS
ALFHA = {,0000, BETA = {.0000, GAMMA = {.0000
SFECIFIED DAMAGE CONDITIONS .
INITIAL CRACK LENGTH OF CRACK NGO, 9 0.05000
FINALL CRACK LENGTH OF CRACK NO. ¢ 1. 49000
INITIAL CRACK DEFTH Of CIACK NO, ¢ ¢.05000
. FIMAL CRACK DEFTIH OF CRACK NO. { . 0.18800
INITIAL CRACK LENGTH OF CRACK NO. 0 0.006000
FINAL CREACK LENGTH OF CRACK NO, D 0. 10000
TNITIAL CRACK DEFTH OF CRACK NO. 2 0.00000
FINAL CRACK DEFTH O CRALK NN, D 0.09000
FAFAMETERS FROM TREVINUS CRALK (ROMTH HISTORY
AFADLY = [000E+00, APCOL Y + .0O0OE+00, RYAOLY ~ _OD0F+00, RYCOLY = Q0 ¢030
AKOLY = LOD0E+00, CKOLE = 000 +00, ANLE = LODOE 00, oLy LO0OE 00
APADLD = L0000, ACOLD - L0000 +060, RYANILD = ool 400, RYCOLD = (0ol o)
AYOLD = 000t 200, k0l Y - (Ga0E +00, ABLY2 = 000l 400, COLLe = 000t e 0n
~— PARAME TERS FROM IEVIOND (RACK THITTATION 1HESTORY
DMGE = 00N 4n0, DML T - . 000 400, DELOGE =, 00007 t00

DML LOODE 40D DMGOL Y - D00 100, DELDGDY = 060 tahd

. . L ' . ‘- - ) ..I ‘.l -."- '~. .’ " 'l .l .- - Q' ‘- ... . \‘ .'. -
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TABLE 3.3.1-2.

LTS Y AL AU T TR

COMFPONENT GEOMETRY

THICKNESS OF FLATE
RADIUS OF MID. HOLE

RATIO OF PLATE LENGTH TO HOI E DIAMETER, E/D
DISTANCE BRETWEEN MID. HOLE AND R.H.S. EDLE
DISTANCE BETWEEN MID. HOLE AND L.H.S. EDGE

FRACTION OF 1.0AD TRANSFER
RADIUS OF THE R.H.S. HOLE
DISTANCE BETWEEN MTD. AND
FRACTION OF LOAD TRANSFEKR
RADTUS OF THE L.H.S. HOLE
DISTANCE ERFTWEEN MID. AND
FRACTION 0OI" LOAD TRANSFER
FERCENTAGE OF COUNTERSINK

RY MID. BOLT

R.H.S. HOLES :
BY R.H.§. ROLY

L.H.S. HOLES
BY L.H.S. BOLT :
DEFTH W.R.T THICKNESS

STRESS CONCENTRATION DUE TO PIN DEFLECTION
FASTENER HEAD OR COLLAR FRICTION STRESS :
FAYING SURFACE FRICTION STRESS

USER DEFINED VARIABRLES

VAFRIABLE 4§ 1.2260
VARIARLE 2 - 1.4140
VARIABRLE 3 - 0.4620
VARIARBLE 4 1.0000
VARIAELL % 0.2658
VARIABLE & - 0.0000
VARIABRLE 7 . 0.0000
VARIARLE & - ©0.0000

STRESS SPECTRUM
NO. OF BLOCKS SPECIFIED FOR ANALYSIS

TOTAL NO. OF CYLLES IN OME RLOCK

TOTAL NO. OF FLIGHTS Ib ONE ERLOCK -

NO. NF BLOCKS TN OME DEJIGN L IFETIME

NO. OF FLIGHT HOURS IN ONE DLSIGN LIFETIME
MAXIMUM FEAK STRESS OF THE SFECTRUM

NO. OF STRESS LAYERS IN ONE EBLOCK

STRESS LAYERS IN ONE BLOCK

STET SIGMA-MAX  SIGMA-MTN cycLes STER KIGHQ“HAX
§7.000 1.700 1500,.009 2 17,000
94

O )

A" e D

LR

EXAMPLE 3, METHOD 1, RUN 1 OUTPUT FILE (CON'T.)

0.18800

0.12500
99.97989

2.14000

0.50000 '
D2.00000, (.00000
0.12500

1.64000

0.00000, 0.00000
0.00000

0.00000

0.00000, 0.00000
0.0

{1.60

0.0000

0.0000

100 ;
2000.900
0.000
0,000
0.000
17.000

SIGMA-MTN cyourr
£.700 1000.000

y o _e_-
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TABLE 3.3.1-2. EXAMPLE 3, METHOD 1, RUN 1 OUTPUT FILE (CON'T.)

AN DAMAGE GROWTH HI STORY L33 R 1]

BLOCK Ci c2 KMAX~-C1 KMAX-C2 DC1/DF [22/DF INITIAY INITIA2

Al A2 KMAX-A1  KMAX-A2 DA1/DF DA2/DF KN{ KN2

0.0 0.05000 0.00000 8.892 0.000 .000E+00 .000E400 .000C+t00 .000C+NO

0.05000 0.00000 11.144 0.000 .000E+00 .D0O0E+00 .0Q0E+00 .0D0E+00

1.0 0.05629 0.00000 ?.a00 C.000  J315E-05 .000E+00 .0Q0E+00 .000£+400

0.06504 0.00000 11.627 0.000 .752E-05 .000E+00 .000E+00 .000£+00

0 0.0661% 0.00000 10.802 0.000 .491E-05 .000E+00 .000E+00 ,000E+00

0.08344 0.90000 12.174 0.000 .920E-05 .0Q00E+00 .000E+00 .000E+00

.0 0.08041 0.,00000 11.684 0.000 .715E-05 .000E+00 .000E+00 ,000L+00
o

r

0.106279 0.00000 12.774 0.000 .114E-04 ,000L+00 .000E+00 .000L+00
0.10084 0.00000 12.647 0.000 .102I-04 .Q0CL+Q0 .00PE+00 ,000LC+00
0.13484 0.00000 13.415 0.000 ,143E-04 .000E+00 .000[+00 .000E+00

STABRLE BREAK-THROUGH OF CRACK NO. 4 OCCURS AT :
Ccyc= 887.0, STEF = 1, ELOCK = 6, CRACK DEFTH = 0.1891{
CRACK DEPTH IS SET EQUAL TO FLATE THICKNESS 0.1880 INCHES

5.0 0.13082 0.00000 13.827 0.000 .150E-04 .000E+00 .000E+00 .000E+90
~— ‘ 0.17055 0.00000 14.088 0.000 ,179E-04 .0001+00 ,000C+00 ,000F+00
6.0 0.18029 0.50000 15.384 0.000 .247E-24 .0001 100 .O000E+00 .000E+00
0.18800 0.00000 0.000 0.000 .873E-05 .0001+00 .000E+00 .0NDE+0)

7.0 0.24819 0.00000 16.248 0.000 ,340E-04 .0000+00 .000E+00 ,000E+QD
0.18800 0.0000D 0.000 0.000 .000E+00 .O0COII+00 ,NO0C+00 ,000E+00

8.0 0.33418 0.00000 §7.216 0.000 .440E-04 .000L+D0 .000E+00 .0Q00E+00
0.18800 0.00000 0.000 0.000 ,000E+00 .000I14+00 .000E+00 .O0OE+00

9.0 0.44788 0.00000 17.947 0.000 .3%98E-04 ,000L+00 .000E+00 .000E+00
0.18800 0.00000 0.000 0.000 .00CE+00 .N0JE+00 ,000E+00 ,00VE+00

10.0 0.56758 0.00000 17.774 0.000 .599E-04 _000E+00 .Q00E+0O ,Q0OE M0

0.18800 0.00000 0.000 0.000 L.000E+00 0 NNFE+00  000E+00 . O00F+00
11.0 0.70011 0.00000 18.917 0.000 ,663E-04 000400 ,000E+400 .000F¢00
0.18800 0.00000 0.000 0.000 .0Q0E+00 .0O0E+00 L000E+00 ,000[+00
&
o
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TABLE 3.3.1-2. EXAMPLE 3, METHOD 1, RUN 1 OUTPUT FILE (CONCLUDED)

CRACK NO. 1 EXCEEDS AFFLICARLE RANGE OF SUBROUTINE K2010 AT
cyC = 878.0, STEFP = 2, BLOCK = 2
CHANGE TO K2050 OR K2060. TERMINATE COMPUTION

CRACK LENGTHS AT THE TERMINATION OF CRACK INITIATION COMFUTATION
Ci = 0.87354, Al = 0.18800, C2 = 2.00000, A2 = 0.00000

RETARDTION FARAMETERS AT THE TERMINATION OF CRACK GROWTH COMFUTATION

AFAOLY = ,000E+00, AFCOLY = .0COE+00, RYAOLY = .Q00E+0Q0, RYCOL{ = ,000E+00
AKOLY = .000E+00, CKOL{Y = .000E+00, AOLY = ,000E+00, COLY = 00D +00
AFADL? = ,000E+00, AFCOL2 = ,000E+00, RYAOL2 = ,000E+00, RYCOL2 = .0Q00f+00
AKOL2? = ,000E+00, CKOL2 = ,000E+00, AOL2 = .000E+00, COLY = ,000E+00

RETARDA1ION FARAMETERS AT THE TERMINATION OF CRACK INITIATION COMFUTATION
DMG1 .OO00E+00, DMGOLY =,000E+00, DELDGY =.000E+00
DMG2 .000E+00, DMGOL2 =.000E+00, DELDG2 =,000E+00

L]
|1 B
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TABLE 3.3.1-3. EXAMPLE 3, METHOD 1, RUN 2 INPUT FILE

EXAMFLE NO. 3 STRINGER SFECIMEN SUBRJECTED TO CONSTANT AMLITUDE LOADING

2024-T351 EXTRUSION . _

u . 0.1600E-09 0.65 4.554 0.230E-08 1.00 3.145
58.00 36.0 53.3 2.0 2.3 0.99
10.4.260 -.3680 0.872 10700.0 0.022 1.0
866 1.390 0.148 0.188 0.265 2,250

-0.99
1.0 1.0
9.183 0.188

0. 9000E +000,.0000E +000.0000E +000.0000E +000.0000E+000, 0000; +0V0 . 0000E +000.0000L+00
: 0.0000E~000.0000E+000.0000E+000.J000E+4000.0000E+000.0000E+000.0000E+000.0000E+00

0.0000E +009,0000E+000 . 0000E+000 . 0000E-000 . 0000E +000 . 0000E +00
! | 0.188 0.1250 2.14 0.500 0.00000 ©.00000
! 0.1250 0.0000 1.640 0.000 0.000 0.000
¢ 0.000 0.0000 .
o 00 2 0 0 100 2050 0000
2,256 0.000 0.581 0.416 0.289 .0000
3 000.0 00.0 00000. 1

99.9999 0.0 1.00

0.000 . 00000

0.1880 0.000

N TABLE 3.3.1-4. EXAMPLE 3, METHOD 1, RUN 2 OUTPUT FILE

exnnx DETAILED DAMAGE GROWTH ANALYSIS FROGRAM

e B B M A

(a8
wo s

2050,

NO. OF SITES TO BE ANALYZED CEFACK GROWTH
~ CORRESPONDINSG, DAMAGE CODES CHACK GRCWTH

0o

LLOAD INTERACTION : NONE

MATERTIAL 2024-T359 EXTRUSION

e s 8 A s A

MAX. K FOR DC/DN THRF SHOLD 2.000
RETAEDATION SHUT -OFF RATIO = 7,300
A +R CUT-0FF = 0.9900, ~R CUT-OFF = -0.9900
. YIELD STRENGTH : S3,300
ELASTIC MODULUT = 0.1070F +05
- FL. STRESS FRACT, TOUGHNE SS = 58.00
' FL. STRAIN FRACT., TOUGHNESS = 24,00
. DAMAGE INDEX [OF ClLACK INITIATION = 0.072
NEURER MATCRIAl COMST. = 0.022
CRACK TNITTATION EFQ. CONST. : SF = 10.426, M =-.
STRESS SEVERITY FACTOR FARAMETLRS
ALFHA = 1.0000, RETA = {,0000, GAMMA = {.0000

SFUCIFIED DPAMAGE CONDITIONS

) INITIAL PRACK LENGYH OF CLACK M0, 4 0.026600
! FINAL CRACK LENGTH OF CRACI NO, 1.39000
INTTIAL CRACK DEFTH OF CRaACK NGO, 1 - 0.12300
. FINAL CRACK DEFTH OF CRACK NO. 1 0.18800
INITIAL CRACK LENGTH OF CFACK NO. 2 0.24500
FINAL CRACK LENGTH OF CRACK NGO, 7 220000
INITIAL CRACK DFFTH OF CRACK MO, 2 - 0.140300
FINAL CRACK DEFTH OF CRACK NO. . 0.18300

¢ FARAMETERS FROM PREVIOUS CRACK GROWTH HISTORY
APAOL S
AKOLA
AFADLD

oo

DAMGRDZO

CRA

% THIS ANALYSIS STARTS AT THE BEGINNING OF THE STRESS SFECTRUM =

CK THTTIATIDN

CRACK INITIATION

WALKER EQ. CONST. (+R) : € - 0.160E-09, M =0.4650,
WALKER EQ. CONST. (-R) : ( = 0.230FE-08, M =1,000,

346

ZZ
o

- U
- U}
>

LOONEADD, AFCOLS = ,000E+00, RYADLS - LQ00IM 400, RYCOLY
S000E+00, CKOLY = _Ad0E+00, ADLS = L 000F 40", oL
200017 +0D, AFPCOL . = ,0NOF 0D, RYANE D - LOOOF +GO, RyUal 2

AKOLY = .000E+00, CKOL2 = .. 00F400, AVLD = L0000 400, rfoL2

N~ FARAMETERS FREOM FREVIOUS CRACK INITIATTON HIESTORY

DHGE = L0000 100, DHGU 1 =, (00F 100, DL 000 +00
DMED = 0D01 400, DHGOL =L 0eng 1o, LA PR LA VY B 3/ Y
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EXAMFLE NO. 3 STRINGER SFECIMEN SURJECTED TO CONSTANT AMFLITUDE LOADING

- o
= 0

LOV0F Q0
EATATRIAN N 4Ys)
Loeel « 00
SNOGE $ 00
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\ TABLE 3.3.1-4. EXAMPLE 3, METHOD 1, RUN 2 OUTPUT FILE (CON'T.)
]
L
R
o
'|
»
£ COMPONENT GEOMETRY .
N THICKNESS OF FLATE - 0.18800
¥ RADTUS OF MID. HOLP . 0. 12500 ‘
R . FATIO OF FLATF LENGTH 10 HOLE DIAMETCR, €7D 29 .99909
" DISTANCE RCTWEEN MID. HOLE AND R.H.S. EDGE - 2.14000
DISTANCE BETWIEN MID. HOLE AND L.H.S. EDGE - 0.50000
FEACTTON OF 1 0AD TRANSIER BY MID. ROLT 0.00000,  0.060000
4 RADIUS OF THE ©.H.S. HOLT D.A12500
: DISTANCE @ TWIEN MID. AND F.H.S. HOLES 1. 64000
X FEACTLON OF LOAD TRANSFER BY R.H.S. BOLT - 0.90000, 0.00000
. RADIUS OF THE |..H.S. HOLE 0,000
3 DISTANCE KETWEEN MID. AND I.H.S. HOLES 0.00000
" FRACTION OF LOAD TRANSFER BY L.H.S. BOLT - 0.00000, 0.5000
1 FERCENTAGE OF COUNTERSINK DEFTH W.R.T THICKNESS - 0.0
STRESS CONCENTRATION DUE TO FIN DEFLECTION - 1.00
v FASTENER HEAD OR COLLAR FRICTION STRESS 0.0000
y FAYING SURFACE FRICTION STRESS . 0.000"
, USER PEFINFD VARIARLES
) VORIARLE § 2.2%00
7 VARTARLE 2 0.0009
- VARTARLE 3 0.5050
VARTALLE 4 0.4160
VARIABIE S 0. 0aen
VARIABLE 6 0.0000
3 VARTARLF 7 0100
: VARIARLE 8 0.0000
2 ST ST SEFPTRUM
HOL OF T OLKS SELCTFIED FOR ANALYSTS - 1600
. THTAL NO. OF CYCIFS IN OHF BLOCK . naNA L 00
. TAL NOL OF CLTGHIE IN QBF T K 0.000
ML OF TUOCKS TH ONE DESTAE 1011 T THC 0.000
NOL OF FLTGHT HOBES TN ONE DI STGN LT CTTHE 0.000
MAY ITMUM VT AK CTREZS OF ThE 1T 6 TRUN 17,000
NP STRUSS LAYERS IN (i [ 00K D
¥
L]
i
L]
*
X
X
R
L]
y 98
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TABLE 3.3.1-4. EXAMPLE 3, METHOD 1, RUN 2 OUTPUT FILE (CONCLUDED)

[ E2 220 DAMAGE GCGROWTH HI STORY L ARZZ 23]

RLOCK Ct c2 KMAX~CY  KMAX-C2 DCY/DF be2/DF INTTIAY INITYAD
A A2 KMAX-At  KMAX-A2 DA1{ /DF DA2/DF Kids FHN2

0.0 0.84600 0.24500 12.252 13,435 .000E+09 OODE400 2D 0F100 L0001 +I0
0.18800 0.123800 2.000 0.000 LO000E+00 .QO00E+00 .I0E+00 0001 +00

UNSTARLE GROWTH OF CRACK NO. 1 QCCHRS AT:
e = 261,02, STEP = ¢, RLOCK = 2, CRACK LENGIH = §.39644, CKMAYS= 0,005
THE OTHER CRACK LENGTH = 0.30422
TERMINATE DAMAGE COMFUTATION
1.0 1.03907 0.30423 22,4417 14.870 L142E-03  L1R6F -4 [0DO0E+00 [ OOOE+40D
0.18800 0.18300 0.000 0.000 .000E+90 L(O000E+00 .00DE+0O ,QGO[4+00

HUTARDTTION PARAMUTERS AT THE TERMINATION OF CRACK GFOWTH COMPUTATEON
AFABLY = L000E+00, AFCOLY ~ L000F+D0, RYAOLT = L000FE+00, RYCOL1 = ,000E+00
AKOLY = (000E+00, CKOLY = .900F +00, AQLLY = 000k 100, COLE = 090400
ATAOLY = L090E+00, AFRCOL2 = ,000{7+00, RYAOQLD = 000 00, LYCOLD - Jouof oo
SKOL2 - L000E$00,  CKOLD = ,000[0+00, ADL2 = L0000 00, COLL = LAo0p 100
RIZTARDATION FARAMETEERS AT THE TERMINATION OF CRACK THITTIATTION COMPUTATION
DMG1 = L000E+00), DMGOLE =.004E 400, DELDLY =.0001 100
DMG2 = [OOOF N0, DMGOL2 =, 000E+00, DELDGD =, 0000+00

99
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TABLE 3.3.2. EXAMPLE 3, METHOD 2 SUMMARY TABLE
(REF. PAGES 101 THROUGH 107)

_
?Cs
W27
02 al a,
a a a a
1 2 3 4 LIFE ROUTINES RUN
(IN) (IN) (IN) (IN) (CYCLES) GROWTH INITIATION NO.
050 0 0 0 0 2020 1010 1
.056 0 0 0 2020 2020 1010 1
.066 0 0 0 4000 2020 1010 1
.080 0 0 0 6000 2020 1010 1
101 0 0 0 8000 2020 1010 1
131 0 0 0 10000 2020 1010 1
81 0 0 0 12000 2020 1010 1
.248 0 0 0 14000 2020 1010 1
.336 0 0 0 16000 2020 1010 1
.447 0 0 0 18000 2020 1010 1
.5617 0 0 0 20000 2020 1010 1
.700 0 0 0 22000 2020 1010 1
.873 0 .265 0 23878 2050 1010 2 .
1.089 0 0 25878 2050 1010 2
1.396 0 .304 0 26739 2050 1010 2

NO. OF CYCLES TO FAILURE = 26,739 CYCLES

100




TABLE 3.3.2-1. EXAMPLE 3, METHOD 2, RUN 1 INPUT FILE

VAAMPLE NU. 3 STRINGLE SFECLIMEN SURILCIED TO (ONSTANT AML ITUDE | OADING
LOl4-1 451 EXTRUSION

0.1400E 09 0.65 4.554 0.230E-0U 1.00 3.415
58.00 36.0 53.3 2.0 2.3 0.v9 -0.99
10.4260 - . 3660 0.872 10799.0 0.022 1.0 1.0 1.0
. 050 1.390 ¢.0%50 0.138 0.000 0.000 9.000 0.000

V_O0Q00E +000 ., 0000L +000, 00GOE+000, 0000E+000. 0000F +160 . 0040L +000 . 0000E +000 . 0000E+0y
0.0000F -000,0000F +000, 00UVE+000 . 0000E+000 . 0000 +990 . OVUVE+900.00001 +000.0000E +00
Q. 0000E+000.0000E +000,.0000E+000.0000F -000.0000L +060.0000E+00

0.188 0.1250 Q.14 0.500 0.00000 0.060000 99.9999 0.0 1.00
0.1250 0.0000 1.640 0.000 0.000 v.000 0.000 .00000
0.000 0.0000
0 00 1 2 0 100 2010 1010

1.226 1.414 0.4562 1.000 0.2658 . 0000 0.000 0.000

000.0 00.0 00000, 1

TABLE 3.3.2-2. EXAMPLE 3, METHOD 2, RUN 1 OUTPUT FILE

sxvxx  DETAILFED DAMAGE GROWTH ANALYSIS PROGRAM DAMGRO w#xxax
EXAMFLE NO. 3 STRINGER SPECIMEN SURJECTED TO CONSTANT AMPLITUDE LOADING

* THIS ANALYZIS STARTS AT THE KREGINNING OF THE STRESS SPECTRUM =

NO. OF SITES TO BE ANALYZED CRACK GROWTH = f, CRACK INITIATIONMN = 2
CORRESFONDING DAMAGE CODES CRACK GROWTH = 2010, CRACK IWNITIATION = {010
LDAD INTERACTION : NONE
MATERIAL 2024-T3%19  EXTRUSION
WALKER EQ. CONTT, (+R) @ C = 0,160€-09, M =0.4%0, N =4.9%54
WALKER EQ. CONXT, (-R) @ € = 0,230E-08, M =1.000, N =3.115

MAX. K FOR DPC/DN THRESHOLD = 2,000
RETARDATION SHIIT-OFF RATIO = 2,300
+R CUT-0OFTr = 0.7%900, ‘R CUT-OFF = -0.9900
YIELD STRENGTH :© 53.300
FLASTIC MODULYS = O0.1070E+0%
FL. STRESS FRA T, TOUGHNEIS = 58.00
L. STRATN FRALT. TOUGHNE.! S = 24,00
DAMAGE TNDEX FOR CRACK THTTTIATION = 0,872
NEURER MATERTAL CONST. = (. 022
CRACK INTTIATION EQ. CONST, S = 10,426, M = 364
JTRESS SEVIRITY FACTOR PAFAMETERS
ALFHA = 1.0000, EBETA = 1.0000, GAMMA = {.,0090

SFECITTED DAMAGE CONDITINNS

THTITIAL CRACK LENGTH OF CRACK NO, ¢ - 0.05000
FINAL CRACK LENGTH OF CRACK i, §.32000
THNITIAL CRACK DEFTH OF CRACK NO, 1 0,05%000
I'INAL CRACK DEMTH OF CRACK NO. 0.18a00
INITIAL CRACK TENGTH OF LI*ACK NO. 2 0. 00eN0
FINAL CRACE LEMGTH OF CRACK NO, D2 Q. 00000
INTTIAL CRACK DEETH OF CRACK NO, 2 0, DN
FINAL CRACK DFEFIH OF CRMT MO, 2 - Q. 00000

FAFAMETIES FROM PREVIOUS CRACK LROWTE TITSTORY

AEAN S - 000400, AR 4 - D00F 100, oM g OO0 400, VRO -, Q000 0
AKNL Y = L0NDF +00, CKMM v = 9900 400, AL ROIAIAL SENTA T [ B A TR S
ACANLD = LO00E 100, APCULD = 0001 A0, RYADLD - [00uE so0, RYCOLD = (mvy on
AKQLZ = 000 s00), Clkrt - Gadleng, AN OG0T ey [N AVAT I
VARAME TERT FROM FRIVIOHUS ( RACK INTTTATTON HICTORY )
heilg§ - QAN 400, DMLY L = onnf $an [T IR A A TR Y4 Y BT s
g,y PRRTALNT A N 6 TA T L1 T O T R TR TR S S TR DEY O, = 00l ton
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USER DEFINED VARIADLES

TABLE 3.3.2-2.

COMFONENT GEOMETRY

THICKNESS OF PLATE

RADIUS OF MID. HOLE -

RATIO OF FLATE LENGTH T HOLE DIAMETER, E/D
DISTANCE RETWEFN MID. HOLT &HD F.H.S. EDGE
DISTANCE RETWEEN MID. HOLE AND L.H.S. EDLE
FRACTION OF LOAD TRANSFER BY MID. BUWT
FADINS OF THE R.H.S. HOLE

DPISTANCE BETWEEN MID. AND R.H.S. HOLI'S
FRACTTON OF L.OAD TRANSFET BY R.M.S. ROLT
FADTUS OF THE LS. HOLE

DISTANCE RETWEEN MIDN, AND 1L .H.S. HOLES
FRACTION OF LLOAD TRAMSFIR BY L.H. S, DOLT
FERCENTAGE OF COUNTERSINY DEFPTH W.R.T THICKNESS
STRESS CONCENTRATION DUE TO "IN DEFLECTION :
FASTENER HEAD OR COLLAR FRICTION STRESS
FAYTNG SURFACE FRICTION STRUZS

VARTABLE 1 §.2260
VARIABLE 2 1.4140
VARIARLE 3 0.4420
VARTARLE 4 1.0000
VARIABLE % 0.26%8
VARIARLE 6 0.0100
VARTABRLE 7 0.0000
VARIARLE 8 0.0000

STRFSS SFLCTRUM

NO. OF EBLOCKS SPFCIFIED FOR AMNALYSIS
TOTAL NO. OF CYCLIS IN OW BLOCK

TOTAL NO. OF FLIGHTS IN OHE CLOCK

HO. OF RLOCKS IN OMF DESTLMN | IWETINE

NO, OF TLIGHT HOUES IN OND UL STGH LIFCTING
MAXIMUM PEAK STRESS OF THE J00OTRUM

NOL N STRES” Lan iy I8 nnf keck

102

RSN,

0.18800
0.12500

99.9990°

214000
Q.500600

0. 00000,

0.12500
§.64000

0.00000,

0.0000
Q. OHN0NG

0.00000,

0.0
§.00
0.9000
9.0000

{00

2000, 9006

0.9000
N.000
0.000
17.000

-
a

D o, (LS,

A P e

N LY

EXAMPLE 3, METHOD 2, RUN 1 OUTPUT FILE (CON'T.)

0.06000

0.00000

0.00000

RN AR ST TP 0
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. TABLE 3.3.2-2. EXAMPLE 3, METHOD 2, RUN 1 OUTPUT FILE (CON'T.)
Y, ~
1
4
g
]
: N [AS 2228 DAMAGE GROWTH HI STOF Y L3 A2 2 22
i g
] RLOCK C1 co KMAX-C1  KMAX-C2 DCi/DF De2/DbF INITIAM INTTIAD
‘ Al AR KMAX-A1 KMAX-A2 DAY /I DAZ/DF KN{ KND
0.0 2.05000 0.00000 2.892 0,000 L000E+00 000 +00 L 2FAE-02 L4 T7OE-02
. H.05000  0.00000 11.144 0,000 .000E+00 00N 400 [264F+04 ,240£+09
» 1.0 0.0562% 0.00000 9.900 0.000  L3I5E-05 00D +00  LT77RE-02  .53/0-02
Y 0.06504  0,.00000 11.627 0,000 L.752E-0%5 .(Q00FE+00 ,266E+01 .2A48E+04
) 2.0 N.06641 0.00000 10.802 0.000 .A29E-05 .000{'+00 .133[ -0f LBYSE O
[ 0.08344 0.000%0 12,174 0.009  [920E-05%  L000E+00 2690404 L 248F 404
W 1.0 0.08041 0.00000 11.684 QL0000 JPISE-O0N L000F 400 L 194F -09 A0
D.1062%  0.00000 12,774 C. 000 L114L-04 L0001 #0027 e MR S o] ]
4,0 0.10084 0,00009 §2.647 0,000 (102004 ,0M0F Q0 L2627 -04 A0
. 0.13434  0.00000 13.445 0.000  L{A43E-04 _000E+4+00 .280L.¢0{ L2474 09
. STARLE RREAK THROUGH OF CRACK NO. § OCCURS AT
i cyc= 887.0, STEF = 1, RLOCK = 6, CRACK DEI'TH = 0.18%41
N CRACK DEFTH IS SET EQUAL TO FLATE THICKNESS 0.1880 INCHES
o*
5.0 0.13082 0,00000 13.827 0.000 .150F-04 .000E+00 .342E-01 .{197E-O1
~— D.17055  0.00000 14,088 0.000 ATPE-04  LQ00E+C0O [ 2900.¢04 2404404
4.0 0.418029 0.00000 15.384 0.000 .247€-04 (000E+00 .445%F 0f ,237(-04
DLAaN0  0,00000 0.000 D00 L GVEE-0% JOGOE+0D 305 10 Lo O
7.0 0.24819 0.00000 146,248 0,000 .3407-04 LO0N0E+0N 590L 01 L2691 - 04
0H.180200  0,00000 0,000 NLO00  LOOOE+NN [ OO0E4ON | ZDBE 404 L2480
3.0 0, 3%418  0.00000 17.216 0.000  LAA0L-04  LOO0E+O0  HORE 04 L3304k 204
X 0.18800 0.00000 0.000 0,000 L0Q0C4+00  LO00E+OO L ABR+O04 L2401 404
9.0 0.44708 0,00009 17.947 0,000 .HTQE-04  (OD0E400  (11AEL+00 3401 0f
0.18800  H,00000 N.000 0,000 LOHOEYQD  LO0QE4+00 L3051 10F L 2400 404
10.9  0.56758 0,.09%000 17.774 0.000 BP9 -04 O00E 00 1T73E00 374K M
¥y 0.18800 0,00000 0.000 G000  LOMEANN OOQ4GD) JADNE 4D LA e
g 11.0 N, 70044 0.0006G0 13.917 0,000  L&AH3E 04 OO0 AN JDAST 00 4401 g
3 018300 0.00006 0.000 DL000  LON0E400  JODDERND (AKPE ¢ SAANF O
4
3
¢
4
L
h*
L 4
\
e
L
Q)
4
) -
o
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TABLE 3.3.2-2. EXAMPLE 3, METHOD 2, RUN 1 OUTPUT FILE (CONCLUDED)

Chni - NOL § EXCEEDS AFFLICARLE RANGE OF SUHROUTINE K2010 AT
CyCc = 878.0, STEP = 2, BLOCK = 12
CHANGE TO K20%50 OR K2060. TERMINATE COMFUTION

CRACK LENGTHS AT THE TERMINATION O CRACK INITIATIOM COMFUTATION
4 = 0.87354, Al = 0.18800, C2 = 0.00000, A2 = 0.00000

RETARDTION MARAMITERS AT THD TCRMINATION OF CRACK GROWTH COMPUTATION

AFAOLY = .000E+00, AFCOLY = .000E+00, RYAOLY = .O000FE400, RYCOI{ = [000E400
AKOLY = ,000E+00, CKOLY = .O00E4+00, ALY = L000E+00, COLY = .000E+00
AFAOL2 = ,000E+00, AFCOL2 = .000E+00, RYAOL2 = ,000E+00, RYCOL2 = .000FE+00
AKOLL2 = [000E+00, CKOL2 = .020FE+00, AOLDY = ,000E+00, COL2 = J000E+00

RETARDATION FARAMETERS AT THE TERMINATION OF CRACK INITIATION COMFUTATION
DM 4 JRB3C400, DMGOLY =.000E+00, DELDGY =.000E+00
DMG2 JA30E-09, DMGOL2 =,000E400, DELDGD =.000E+00

i
i
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TABLE 3.3.2-3. EXAMPLE 3, METHOD 2, RUN!' 2INPUT FILE

EXAMPLE NO. 3 STRINGER SPECIMEN SURJECTED TO CONSTANT ANLITUDE LOADING
LOL4-T351 EXTRUSION

0.18600L-0% 0.65 4.554 0.230E 08 1.00 3,415
58.00 36.0 53.3 2.0 2.3 0.99 -0.99
10.4260 - .3660 0.872 10706.9 0.022 1.0 1.0 1.0
460 1.390 0.188 0.188 0.265 2.350 0.1u8 0.184

0, 00008 + 000, 0005HE +000 . 0000E +000 ., 0000OF +000 . GOO0E+000 . 0UOOE + 000, VVOOE+G00 . 0000 +00
©.0000L - 000, Q000E +000 . 000OE +000 . 0000E+000.0000E+000.0000E+000 . 0000E+000 . 0000E +09
9.0000L +000.0000E +000.0000E+000.0000E 000.0000 +000, 00OOOL +00

0.1U8 0.1250 2.14 0.500 0.00000 0.00000 99.9999 0.0 1.00
0.1250 0.0000 1.640 0.000 0.000 0.000 0.000 .00000
0.000 0.0000

0 00 2 2 0 106 2050 1010 *

2.250 0.000 0.584 0.416 0.2890 . 0000 0.188 0.000
000.0 00.0 00000. 1

TABLE 3.3.2-4. EXAMPLE 3, METHOD 2, RUN 2 OUTPUT FILE

vuusx DETATLED DAMAGE GROWTH ANALYSIS FROGRAM DAMGRO #xuxx

EXAMI'LE NO. 3 STRINGER SFECIMEN SUBJECTED TO CONSTANT AMFLITUDC LOADING

% THIS ANALYSIS STARTS AT THE REGINNING OF THE STRESS SPECTRUM #

NO. OF STTES TO RE ANALYZED : CRACK GROWTH = 2; ECRACK INJTIATION = 2
CORRESFONDING DAMAGE CODES : CRACK GROWTH = 2050, CKRACK INITIATION = 1010
LOAD INTERACTION : NONE
MAT! I1TAL 2024-T351 EXTRUSION

WALKER EQ. CONST. (+F) = £ = 0,1406-09, M =0.450, N =4.354

WALKER EQ. CONST. (~R) : C = 0.230E-08, M =1.000, N =3.113

MAaY, K I'OR DC/DN TIIESHOID = 2,000
ITARDATION SHUT-OFF RATIO = 22,300
tf CUT~0FF = 0.9700, ~f CUT-0FF = -0.9900
YIELD STRENGTH 53.300
MLASTIC MODULUS = 0.107001405
., STRESS FRACTY. TOUGHNESS = 58.00
I'l . STRATH FRACT. TOUGHNESS = %4.00
DAMAGE INDUX IFOR CRACK INITTIATION = 0.872
NCUTRER MATERTAL CONST. = 0,022
CrACK INITIATION EQ. CONST. : SF = 10.4246, M = -.366
STEES SEVERTITY FACTOR FARAMETERS
ALFHA = 1,0000, RETA = 11,0000, GAMMA = 1.0000

SFECIFIED DAMAGE CONDITIONS

INTTIAL CRACK LENGTH OF CRACK NO. ¢ 0.86600
FINAL CRACK LENGTH OF CRACK NO. 1 t.39000
INITIAL CRACK DEFTHH OF CRACK NO. f 0.18800
FInal. CRACK DEFTH OF CRACK NO. 1 0. 18300
INITIAL CRACK LENGTH OF CRACK NO, 2 0. 06500
FINAL CRACK LENGTH OF CRACK HO. D 2..07000
INTTTAL CRACY DFEI'TH OF CRACK NO. 2 0.18800
FINAL Ck, K DEFTH OF CRACK NO. 2 0.18800

FARAMETERS FROM PREVIOUS CRACK GROWTH HISTuRY
AFADL S = _Q00E+0D, APCOLY = .000F +00, RYANLY = .900F+00, FYCHLY =  onof+00
AKOLt = D00E+00, CI'OLY = ,000f +00, ALY = L0000 00, COLY = L0000
AFADLD = 000 +0¢, AL OL2 = L000F 400, RiA D = [OWE400. RYCOLS < .00 son
AKOLLY = L00CF 00, CEOLD = 0001 ano, LD L0001 400, C.D = (00t d0On
FARFAMITURS FROM FREVIOUS CRACK INILTIATTON HUSToY

DMGA = L 3X% 400, DMGALY =, 0000 ¢00, DI Ingy - 0000 400
DM - ARNT 04, DMGOLD 00 1o, DL VG o] e
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TABLE 3.3.2-4. EXAMPLE 3, METHOD 2, RUN

COMPQNENT GEOMETRY

THICKNESS OF FLATE

RADIUS OF MID. HOLE :

RATIO OF FLATE LENGTH TO HOLE DIAMETEF, E/D
DISTANCE BETUWEEN MID. HOLE AND R.H.S. EDGE
DISTANCE ERETWEDN MID. HOLE AND L. .H.S. EDGE
FRACTION OF LOAD TRANSFER RY MID. ROLT :
RADIIIS OF THE R.H.S. HOLE

PISTANCE BETWEEN MID. AND R.H.S. HOLES
FRACTION OF LLOAD TRANSFER EBY R.H.S. ROLT
RADTUS OF THE L. H.S. HOLE

DISTANCE BETWEEN MYD. AND L..0.5. HOLES :
FRACTION OF L 0OAD TRANSFER BY L.H.S. BOLT

FERCENTAGE OF COUNTERSINK DEFTH W.R.T THICKNESS

STRESS CONCEMTRATION DUE TO I'IN DEFIECTINN
FASTENER HEAD OR COLLAR FRICYION STRESS
FAYING SURFACE FRICTION STRESS

USER DEFINED VARIARLES

VARTARLE § : 2.2500
VAFTARLE 2 0. 0000
VARTARLE 3 0.5810
VARTARLE 4 0.416460
VARTABLE 5 ¢ 0.2890
VAL TABLE & 0,0000
varriaRLE 7 .1880
VAFTABLE 8 - 0.0000

STRESS SPECTRUM

N0, OF BLOCKS SPECIFIED FOR ANALYSIS

TOTAL NO. OF CYCL 1H ONE BILDCK

TOTAL NO. OF FLIGHYS IN ONE DLOCK

NO. OF BLOCKS IN OHE DESIGN LIFUTIME

NU. OF FLTIGHT HOURS TN ONF DESTGH LIFETIME
MAXIMUM FEAK STRESS OF THE SPECTRUM

NO. OF STRESS LAYERS IN ONF RLOCK

106

2 OUTPUT FILE (CON'T.)

0.18800
0.12500
99.9978%
2.14000
0.50000
0.00000,
0.12500
1.64000
0.00000,
0.09000
0.H0000
0.00000,
0.0
1.00
9.0000
0.0000

§ 00
2000.000
0.000
0.000
0.000
17.000

R

0.00000

1.00000

0.00000
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TABLE 3.3.2-4. EXAMPLE 3, METHOD 2, RUN 2 OUTPUT FILE (CONCLUDED)

L3222 22y DAMAGE GROWTH HI STORY L2421

BLOCK Ct c2 KMAX-C1 KMAX-C2 DC1/DF DC2/DF INITIAY INITIA2
Al A2 KMAX-A1 KMAX-A2 DAt /DF DAZ/DF KNt KN2

0.0 0.06600 0.24%00 19.252 13,435 .000E+00 [000E+D00 .423E+00 .448F -0f
0.18800 0.18800 0.000 0.000 .000E+00 .OOOE+00 .S5070+01 ,248E+01

UNSTABLE GROWTH F CRACK NO. 1 OCCURS AT-
CYC = 861.9, TEF = 1, BLOUCK = 2, CRACK LENGTH = {.39664, CKMAXS= 70.35
THE OTHER CRAZK LFNGTH = 0.30423
TERMINATE DAM SE COMFUTATION
1.0 1.087¢. 0.30422 22.449 14.870 L.142E-03 .196E-04 .T21E+00 .4B4E-0Of
0.18800 0.18800 9.000 0.000 ,000E+00 .000I+00 .575E+01 .248E+01

RETARDTION PARAMETIRS AT THE TERMINATION OF CRACK GROWTH COMFUTATION

AFAOLY = .D0 E+00, AFCOLY L000E+00, RYADL.4 = 00400, RYCOLA L OONI400

AKOLY = 0N0E+00, CKOLY LD00E 400, ALY = LO00ME+00, COLS = .00NE+00
FPADL2 = J000E+DG, AFCOL2 = 000 20, RYAOLD = [Q00E+00, RYCOL2 = .000E+00
AKCL2 = ,000F+00, CKOL2 = .000E+00, AQL2 = L006E+00, COL2 = .0001:+Q0

FETARDATION FARAMETERS AT THE TCEMIMATION OF CRACK TNITIATION COMPUTATION

DMGE = 72496400, DMGOLY =.000E+00, DELDGY =.000E+0)
DMG2 = .4B4E-01, DMGOL2 =_0N0E+00, DELDG? =.0008400
107
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APPENDIX A b
COMPUTER PROGRAM FLOW CHARTS
This section presents the flow charts of the various subroutines available in

the Computer Program "DAMGRO". The analytical formualtion associated with the \

various parameters were derived during Phase I of the program, and defined in !

Volume II of the Report.
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SUBROUTINE INPUT

READ:
READ:
READ:
READ:
READ:
READ:

16
TITLE Cl=ci
RMATID Al= Al
WALKC, WALKM, WALKN, WALKMC, WALKMM, WALKMN C2-CI2
CKC, AKIC, SIGMAY, CKMXTH, SHUTOF, RCUT, RCUTN A2+ AR
SF, RM, DMG, ELAMOD, ZOU, ALPHA, BETA, GAMMA

Cil, CF1, All, AF1, CI2, CF2, AR, AF2

FOR i= 1,NSTEPS

. SIGMAX(, SIGMIN(D, CYC(D READ: APAOLZ, APCOL2, RYAOL2, RYCOL2, AKOL2, CKOL2, AOL2, COL2
READ: SIGMAX(M. SI READ: DMG1, DMGOLI, DELDG1, DMGL, DMGOL2, DELDG2
l | l READ: THK, RADIUS, B1, B2, BOLTM1, BOLTM2, EOD

READ: APAOLL, APCOL], RYAOLL, RYCOL], AKOL], CKOL1, AOLI, COL]

READ: RADI, RAD2, HODIS1, HODIS2, BOLTR1, BOLTRZ, BOLTL], BOLTL2

READ: IRBTA, NSOLD, NCRKS, NINITS, IRETAD, NBLKS, KID, LID
READ: FLTBLK, BLKLIF, FLTHR, ISTRES
\
T01CYC = 0. T
SMAXS = 0.
SIGMAX(l): SMAXS 2o SMAXS * SIGMAXID |
! 2
[ TtorcyC - TOTCYC + CYCH) |— I: NSTEPS PRINT INPUT DATA |
{41 Je <
| SN

N B A AN NN NS NI N A N A N S AR PO N N AL 2 I K PR A X - NN L A AL, RSy

A2

| RETURN l
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[[SUBROUTINE OUTPUT]

' IPRINT > 1 D-YES
NO

PHTE A

N
19
i
‘4
DAMAGE GROWTH “3
HISTORY

VALUES OF
ALL VARIABLES

[REGN]

o > S YTy

]

Sy e

ST R)

.-
l- "

W NS

P R PR AP
A A A 4

B, 2, Ro SewT

L2

A3

N

-9
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DEFINE

E BLOCK DATA Al, C1, A2, C2, AINEW, CINEW, AZNEW, C2NEW, AKMAXI1

CKMAXl AKMAXZ CKMA)Q DAIDF DCIDF DAZDF DC20F,
SMXS1, SMXSZ BLOK
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[ SUBROUTINE GROW |

&

cYcp - CYC
1CYC - 0.

A L

110
INTIALIZE INITIALIZE
FORNC = 1 FOR NC = 2

120

L >
1

COMPUTE STRESS INTENSITY FACTOR

CALL KXXXX(LCK) - BASED ON KKID
L—>G£T AK, CK

AKMAX = AK » SMAX
AKMIN = AK * SMIN
CKMAX « CK ¢ SMAX
CKMIN - CK » SMIN

900

._@'

.
CHECK INSTABILITY

AKMAXS - AK ® SMAXS
CKMAXS = CK* SMAXS

A5.1

L R A L P SRS TS, T S " e e e .-
WS4 - A\ N * -(‘ C., 1_»,.\\\.9..1’4.\‘;." e o -_"‘n_".\"nJ v.‘-ugf-)f-\.fc_"n)f:";'\ *:

* SMAXS —»= MAX o IN
SPECTRUM

SMAX —= MAX o IN
ONE STEP

EIRERY
.

«

Y ..-Q
-t

.....
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AKMAXS < AKJC

CKMAXS < CKC YES

NO

- UNSTABLE BREAK-THROUGH |
OF AA

UNSTABLE GROWIH OF
CRACKNO, ___ €C

E
h‘
,
‘B
|
-
A
r
r
"
;
E
':E
i
:
s

A5.2

| NSTABL - 1
l RETURN I
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COMPARE CRACK LENGTH WIS PECIFIED VALUES

YES

NO
CRACK NO. 1 HAS CRACK NO. 2 HAS
- REACHED FINAL LENGTH REACHED FINAL LENGTH

y
{FINAL = 1 I IFINAL - 2 l

\

| RETURN I I RETURN I




®

GENERALIZED WILLENBORG RETARDATION MODEL

1RETAD - 0 NO RETARDATION |

YES YES

@~

NO

1,, A 2 R
*SMALLER PLASTIC | RYA « (1) (i) :m AKHAX
ZONE IN PLAIN .
AARYA = AA + RYA RRA = AKMIN/AKMAX
Y
CKMXEF « CKMAX
CKMNEF = CKMIN
RRC =« CKMINCKMAX
(1, - SKMXTH, APAOL = AAYA
PH = ———AKMAX RYAOL = RYA
{SHUTOF - 1.) AKOL = AKMAX
DELA « AA - AL :%N -_AOA

WALKER

DELA
AKW = PHI (AKOL /1. 2vaoL - AKMAX) ¢




® 0

AKMXEF « AKMAX - AKW
AKMNEF = AKMIN - AKW
RRA = AKMNEF/AKMXEF

LARGER PLASTIC | RYC i
ZONE IN PLANE "2 SIGMIW’z

TRESS CCRYC « CC + RYC

YES
NO |
(s‘—nuros' -1 gaom . gmx
DELC - CC - COL e
CKW « PHI « (CKOL /1-DRE. _ cxmax)
RYCOL

o

oo



CKMXEF = CKMAX - CKW
@ —»] CKMNEF = CKMIN - CKW
RRC = CKMNEF/ CKMXEF )

CHANG'S MODEL FOR REDUCED RETARDATION
DUE TO COMPRESSIVE SPIKE FOLLOWING O.L.

YES

| RYCOL- (1 + RRU « RYCOL |
I

AA 2 THK

YES

| RYAOL*= (1 + RRA) o RYAOL |

A5.6

e D O I I R A T R L N A R N S T R R S R R R R L Ry



- an

() MODIFIED WALKER EQN.

RRA > RCUT RRA * RCUT

\
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| SUBROUTINE K100 |
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COMPUTE CPHO2 |

COMPUTEF2

P



7

| COMPUTE RKO, RK1, RK2, RK3 |

| computer2, cPHO2 |

A
| cOMPUTE AKPIN, CKPIN |

A
22, 416)
W
) : i a6

COMPUTE CC, COMPUTE CC,
BB1, BB2 BB81, BB2

NO

BB1 > BB2 COMPUTE FWCRK | BB1 > BB2 2 COMPUTE FWCRK [

YES ' YES
| compuTE FWCRK | [ comPUTE FWCRK ]

® ®




L S~ € Oy 2 g Ba J0a vac Sg Su-ola- fia-Baune- 8
L Ba 2a° g 4a .- ¢ ] e o mvrrvvvmrm’rwnt'rnvwvcwﬁvvlrmrwzrm“ L

[ ]
0
Bl > B2 NO COMPUTE FWHOL | 81 > B2 ¥ COMPUTE FWHOL |
YES , YES
{ COMPUTEFWHOL | [ comPuTEFwHOL |
| COMPUTEFW, AK, CK |
BOLTM1 « 0
! 510 515

COMPUTE CC, RFF, COMPUTE CC, REF,

COB, COA, AOB, COB, COA, AOB,

FWPIN FWPIN

® ®
t
A9.6

%
‘ e - ]

A R T S R O R R R T T N T T T T T T T N T R .
DERA ST N I dRh] A b v y e g N AT St ®on ""n\ 'q"'n&‘.-.\ "4 A "w ANGY » ")



| - T

COMPUTE AKPIN, CKPIN,
; LODTRN, PINLOD, AK, CK

goro
(540, 550
NG
Y& « rap1-0 RAD2 = 0 YES
NO NO
{_COMPUTE AA, BB | [ compute AA, B8 ]
— —
{
COMPUTE Mu, LAMDA, Y
- X, X2, H1, H2, HO, AK, CK

YES

C > RADIUS

COMPUTE CRCSK, AK, CK ]-—LCRETURN_)

A9.7




-

B

Vap w0 @ o

« o K 070

g -y

S gy

e

3

Ve

LA AR T AR LT AL T AR AR A TR T TR




SUBROUTINE K1050

GOTO
(100, 160}
NC

INITIALIZE

FOR NC

NC-1

?

COMPUTE RKO,
RK1, RK2, F,
CR2HO2

COMPUTE CRZHOI

COMPUTEF,

CRSHAP, KIG,

CR2HO2

NO

COMPUTE AOT,

AK, CK, AKPIN],

AKPIN2

CKPIN1 - 0.0

CKPINZ - 0.0 |

COMPUTE AA,
BB1, BB2
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‘ YES | 8B1--BBIl
BB2 - -BB2

CKPIN1 - 0.0

-, COMPUTE
h.”, CKPINI
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r, AND | CKPINZ - 0.0

~ BOLT2 = 0.0

N NO

)

"\' COMPUTE
\ CKPIN2

%
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‘ | surouTINE k2010 | }

WRITE CRACK NO. . .
COMPUTE LAMDA, X,

CALL SUBROUTINE _.®_. F1, F2, F3, CRSF, r
K1010 (NC) CK, AK

IFINAL - 1
!

COMPUTE BETA, AA

YES
SE1 <1 COMPUTE B
. NO | @

" -

)

; COMPUTE AP NO
> AP YES
. INDI YES $CLTD
< 1000
NO [ compute cervk |
COMPUTE X1,
B, AAL, LAMDA,
X, F1, F2, F3, YES COMPUTE CAP, AREA,
- Y1, IND1 CRC, CRSF
Y |
\ YES
C2Xl : [ compuTE CRSFJ |
NO
NO
. COMPUTE AREA, ARC, [comPuTE CK, AK |
. COMPUTE B Y2, X2, SLOPE, IND2
l RETURN
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X, F1, F2, F3, CRSF,
CK, AK

AAl, LAMDA, X, F1,
F2, F3, Y1, IND1

COMPUTE APTHK,
APTKB, APC

IFINAL = 1

[ SUBROUTINE K2020 |———>{ IND1 = NC CALL SUBROUTINE
IND2 - NC | K10 (NC) ————{ COMPUTE BETA, AA |
A « AINEW )
C - CINEW
COMPUTE 8, LAMDA COMPUTEXI, B,

WRITE SFJ IS
INCORRECT . . . .

< sTop )

COMPUTE AREA,
ARC, CRSF, CAP

COMPUTE AREA, ARC,
Y2, X2, SLOPE, IND2

| COMPUTE CRSF) |

4
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SUBROUTINE K2040

J

INDI - NC
IND2 - NC

y

CALL SUBROUTINE
K1040 (NC)

010
00, 350)
NC

COMPUTE
CIE, Cx

COMPUTE
CIE, C¢t

- . -
AN T

COMPUTE BETA,

AA

“'*

-

LIPS T e e
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YES
NO '

—-{ RETURN }

COMPUTE AP
No | COMPUTE LAMDA,
ND1-1 X, Fl, F2, F3, Y1,
X1, IND1
YES
]
COMPUTEB,
LAMDA
COMPUTE X, F1,
F2, F3, CRSF,
CK, AK
WRITE
'CRACK NO. ...

IFINAL - 1
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COMPUTE CAP,
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<
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SUBROUTINE K2050

110

COMPUTE
CIE, C2t

|

COMPUTE AREAC,
YCBAR, D, DBAR,
XCBAR, DELXB,
DELYB, CMX, CMY

.....

100

Got0
(100, 150)
NC

150

COMPUTE DISXC,
DISYC, DISXD,

DISYD, CKC, CKD,

DISYA, DISXB,

COMPUTE DISXA,

DISYB, CKA, CKB,

CRBC, CRBD CRBA, CRBB
| |
)
(300, 400)
NC
300 400
COMPUTE AOB,
CALL SUBROUTINE F, CK, LAMDA,
K1010 (NC) CRSTF, CKA, CRB,
CK, AK
A
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SUBROUTINE K2060

CALL SUBROUTINE
K1010 (NC)

COMPUTE CIE, AREAC,
XCBAR, YCBAR, DELXB,
DELYB, CMX, CMY,
DISXA, DISYA, DISX8,
DISYB, CKA, CKB,
CRBA, CRBB, CK, AK
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[SUBROUTINE INIT (B, NS, NC, SIGMAX, SIGMIN, CYC, INITS)]

ONEDM « 1./RM
LCK = KLOC (NI)

6OT0

: P SUBROUTINES

—— ﬂ
$1010
4 10 120 S120
110 120 $1080
, INITIALIZE INMTIALIZE $1040
' FORNI « 1 FOR NI « 2 $1050
: $1050
4 , , , S1070
' 900 $1080
COMPUTE STRESS CONCENTRATION FACTOR 1090
CALL SXOOLCK) - BASED SX0X = = S
£ IK S2020
$280
$2040
COMPUTE STRAIN ENERGY DENSTTY ggg:g
- KN « 1+ (IK - A1 + SQRT ZOU/R)) <2070
KeGe B el S2080
‘ KN NEUBER i

SMX « 0.5 * (KeSMAX) oo 2/ELAMOD | 52100

SMN « 0.5 o (KeSMIN) o 2/ELAMOD
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vES | SMXEF » SMX

o SMNEF = SMN
RREF = SMNEF/SMXEF
NO
RR - SMNISMX
OMGC = TITRR1 + SMXISF - RR + SMXY] URM
DELOMG = DELOMG + DMGC
ves [OMGOL - DMGE
DMGPC = DMGOL DELDMG = 0.
SIGW = 0.
NO
DN « 1./(DM OL - DELDMG)
DNRM = DN oo RM RM
SF « DNRM '
SIGW - [u “RR) + RR » DNRM)] ~SMX

SMXEF » SMX - SIGW
SMNEF - SMN - SIGW
RREF = SMNEFISMXEF

COMPUTE DAMAGE

]
DMGON - "I RREF) « SMXEFASF - RREF * sMxg] UM
SUMDMG = SUMDMG + CYC * DMGDN
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ECK INITI

’ WS

SUMDMG < DMG

NO

CRACK INITIATION
FOR LOCATION LCK
OCCURS AT...

INfiS -1

610

y 620

o
STORE DATA
FORNI-1

&0
STORE DATA
FORNC - 2

RETURN
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{SUBROUTINE S 1020]

YES

E0D < 2,

NO

COMPUIE
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C(}MPUTE

COMPUTE CC, COA, COA2,
AOB, COB, CPC2, AOB2,
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COMPUTE RLTM, COMPUTE RLTM,
RLTR, WORM, WORR,| | RLTR, WORM, WORR,
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